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@ Erythromycin -derivatives. 

@ 11-«ther derivatives of erythromycin, and correspond- 
ing 9-(optlonally substituted)-amino, 9-imino, and 9-(option- 
ally substituted)-oxime derivatives are novel antibacterially 
active compounds, and can be prepared by alkylatton of the 
11-hydroxy group under mild conditions. 
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CHEMICAL COMPOUNDS 

The present invention relates to novel chemical 
compounds, their preparation and their use, and in 
particular to a novel class of erythromycin 
derivatives. These compounds have antibacterial 
properties, in particular against Gram-positive 
bacteria but also against some Gram-negative bacteria, 
and they are therefore of use in the treatment of 
bacterial infections in liumans and animals caused by a 
wide range of organisms. 

Erythromycin was first described in US 2 653 899 (R.L. 
Bunch et al; Eli Lilly) . The structure of 
erythromycins can be represented as follows: 

NMe 




in which 

denotes hydrogen or hydroxy and 
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02 


R** denot.es hydrogen or methyl. 


03 




04 


The basic erythromycin structure comprises: 


05 




06 


(i) a 14-meinbered lactone ring, referred to as the 


07 


erythronolide ring, numbered with unprimed digits 


08 


as shown in the above formula. 


09 




10 


(ii) a first sugar ring, known as the desosamine ring. 


11 


numbered with single-primed digits, and 


12 




13 


(iii) a second sugar ring, known as the cladinose ring. 


14 


numbered with double-primed digits. 


15 




16 


The erythronolide ring can exist in two forms: 


17 




18 


erythronolide A (in which = OH) 


19 




20 


erythronolide B (in which = H) . 


21 




22 


The four main naturally occurring erythromycins are as 


23 


follows: 


24 




25 


Erythromycin R* R*> 


26 




27 


A OH CH3 


28 


B H CH3 


29 


C OH H 


30 


D H H 


31 




32 


of which erythromycin A is by far the most important. 


33 




34 


Erythromycins, and in particular erythron^cin A, are 


35 


antibiotics widely employed clinically in the treatment 


36 


of infections caused by Gram-positive and some 
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2 Gram-negative bacteria. A major drawback of 

3 erythromycins is their poor acid stability, resulting 

4 in poor and erratic oral absorption. 
5 

5 Numerous attempts have been made to modify erythromycin 
7 to produce derivatives having improved acid stability 

3 without loss of the antibacterial activity. 

3 (9S)-9-Dihydroerythromycin A (which carries a 9 -hydroxy 

L group in place of the 9-keto group) has been described, 

I but has poor antibacterial activity (P.F. Wiley et al , 

3 J. Amer. Chero. Soc . , 1955, 72, 3676-3677; M.V. Sigal et 

4 al, ibid , 1956, 78, 388-395; and T. Glabski et al, 

5 Roczniki Chem , , 1976, 50, 1281). Erythromycylamine and 
5 erythromycin oxime (in which the 9-keto group is 

7 replaced, respectively, by an amino or oxime group) , as 

3 well as various N-substituted derivatives of 

} erythromycylamine have also been described (GB 1 100 

} 504 (Pliva Pharmaceutical); E.H. Massey et al , 

L Tetrahedron Letters , 1970, No. 2, 157-160; and G.H. 

> Tirams et al, ibid , 1971, No. 2, 195-198), as have 

I various erythromycin oxime ethers (US 3 681 326 (A.M. 

I Von Esch; Abbott Laboratories); US 3 869 445 and US 4 

) 063 014 (both R. Hallas et al; Abbott Laboratories); 

> and US 4 349 545 (S. Gouin d'Ambrieres; 

' Roussel-Uclaf ) ; and Antimicrobial agents and 

I chemotherapy , 1974, 6^, 479). 

) 

) Certain aldehyde-erythromycylamine condensation 

products with a 9-N, 6-0- or 9-N, 11-O-cyclic substituent 

\ have previously been disclosed (US 4 048 306 (R. Maier 

^ et al; Boehringer Ingelheim GmbH) ) . 

I 4* '-Deoxy-ll-O-raethylthiomethyl-4* ' -oxo-erythromycin B 

> and its conversion to (i) 4 -deoxy- 9, 11 -O- (optionally 
substituted )methylene-4 -oxo-erythromycin B 
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02 6,9-liemiacetal and the corresponding 4 * ' -e£i-liydroxy, 

03 2 • , 4 ' • -O-diacetyl-4 ' " - epi , and 4 ' • -O-acetyl-4 ' ' - epi 

04 derivatives, and (ii) 4" '-deoxy-4' '-oxo-, 4''-0- 

05 acetyl-4' '-egi-, and 4' '-egi-erythromycin B; as well as 

06 4 ' ' -O-f orrayl-ll-0;-metliyltliiometliyl-erythromycin B and 

07 its conversion to 11-0-methylthiomethyl-erytliroraycin 

08 B, 9, ll-O-methylene-erythromycin B 6, 9-hemiacetalr 

09 ll-O-iaethyl-erythroraycin B and 11-O-n-butyl- 

10 erythromycin 3; and also 4 ' * -deoxy-4 ' ' -oxo- 

11 erythromycin A are described in US 3 842 069, US 3 884 

12 903 and US 3 884 904 (all P.H- Jones et al; Abbott 

13 Laboratories) • 
14 

15 4* •-Deoxy-4'/ -amino-erythromycin A, 4' '-deoxy-4' ' 

16 -amino-erythromycin A 6, 9-hemiketal, and 4''-deoxy 

17 -4 ■ ' -oxo-erythromycin A 6, 9-hemiketal, as well as 

18 corresponding 11-0-acetyl and 11,12-cyclic carbonate 

19 derivatives, and also 4 '* -deoxy-4 -amino-erythromycin 

20 B and 4 ' ' -deoxy-4 * * -oxo-erythroraycin A 4''-0-oxime or 

21 4' '-0-acetyloxime, are described in US 4 150 220 (F.C. 

22 Sciavolino; Pfizer) . 
23 

24 An 11,12-cyclic carbonate of 9-dihydroerythromycin has 

25 also been described in T. Glabski et al; Roczniki 

26 Chem. , 1976, 5£, 1281 and 9-dihydro-ll,12-0- 

27 isopropylidene-erythromycin A and the corresponding 
2 8 4' '- epi compound have been described in US 4 382 086 
29 (F,C. Sciavolino et al; Pfizer). 

30 

31 6-O-Methyl-, 6, 11-di-O-methyl-, 11-0-methyl- and 

32 11-O-ethyl-erythromycin A, and also 6-0-methyl- 

33 6,4* '-di-O-methyl-, and 6,11,4' '-tri-O-methyl- 

34 erythromycin B are described in EP 0 041 355 Al, EP 0 

35 080 818 Al and EP 0 080 819 Al (all Taisho 

36 Pharmaceutical) . 6-O-methyl-erythromycin A derivatives 

37 and their preparation are also described in EP 0 158 
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467 A2 (Taisho; priority 06 April 1984, filed 2 2 March 
1985 (subsequent to the first priority date of the 
present application), published 16 October 1985) • 

The erythromycin derivatives according to the present 
invention in general possess improved bioavailability 
as compared with erythromycin A while retaining good 
antibacterial activity. 

The present invention provides antibacterially active 
11-ether derivatives of erythromycin, and corresponding 
9- (optionally substituted ) amino, 9-imino, and 9- 
(optionally substituted )oxime compounds. 

In particular, the present invention provides a 
compound of the general formula I or a pharmaceutically 
acceptable ester or acid addition salt thereof: 



r3 




1 

O 



I 



wherein 
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one of r1 and r2 denotes hydrogen and the other of 
and r2 denotes an amino group or a substituted amino 
group, or 

R^ and r2 together denote an oxo group, an oxirae group, 
a substituted oxirae group, or an imino group, and 

r5 denotes a hydroxy group or an alkoxy group; or 

one of r1 and r2 denotes a hydroxy group, or an amino 
group, and the other of r1 and r2 together with R^ 
denotes an ether oxygen atom, — O— , 

r3 denotes a group of the formula II: 

Q- CH - II 

rC 

in which 

Q denotes one of the following groups: 



R^^- IIIA 

RB-CO-O- iiib 

RB-CO-N- II ic 

rA-S02~N- hid 



R^ denotes an unsubstituted or substituted 
hydrocarbon group. 
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12 denotes a hydrogen atom or an unsubstituted or 

1 3 substituted hydrocarbon or hydrocarbon-oxy group, 
»4 

i5 each of and R^, which may be identical or 

J6 different, denotes a hydrogen atom or an unsubstituted 

i7 or substituted hydrocarbon group, or 

>8 

19 any two of rA, rB^ rC and bP together denote a 

.0 divalent, unsubstituted or substituted, organic group 

.1 forming a 4- to 7-membered heterocyclic ring together 

.2 with the intervening atoms of the molecule; 

.3 

.4 r4 denotes hydrogen or hydroxy; 
.5 

.6 R^ denotes hydrogen or methyl; 
.7 

.8 one of R® and R^ denotes hydrogen, hydroxy, alkoxy, 

.9 alkanoyloxy, amino, substituted amino, or a group of 

.0 the formula R^2.so2-0-, and the other of R^ and R^ 

.1 denotes hydrogen, or 
2 

3 R^ and R^ together denote an oxo group, an oxime group, 
.4 or a substituted oxime group; and 

5 

6 R^2 denotes an organic group. 
7 

8 The term 'hydrocarbon' as used herein includes groups 

9 having up to 18 carbon atoms, suitably up to 10 carbon 

0 atoms, conveniently up to 6 carbon atoms. Suitable 

1 hydrocarbon groups include (Ci-g )alkyl, (C2-6)^^^®^yl' 

2 (C2-6)alkynyl, {C3-7 )cycloalkyl, aryl, 

3* ( C3_7 ) cycloalkyl ( C^.g ) alkyl, aryl (C^^.^ )alkyl , 

4 ( Ci -6 ) alkyl (03-7) cycloalkyl, and (Ci-5)alkylaryl . 
5 
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02 Examples of suitable optional substituents for the 

03 above-mentioned hydrocarbon groups include heterocylyl, 

04 amino, (Ci-5)alkanoylamino, (mono, di, or 

05 tri)--{Ci-6)alkylamino, hydroxy, (Ci-e ^^^^^^Y' mercapto, 

06 (Ci«6)allcylthio, heterocyclylthio, arylthio, 

07 sulphamoyl, carbamoyl, amidino, guanidino, nitro, 

08 halogen (for exeimple chloro, bromo, f luoro) , carboxy 

09 and salts and esters thereof, acyl.and acyloxy groups. 
10 

11 Any alkyl group or moiety referred to herein may be 

12 straight or branched, unsubstituted or substituted, and 

13 may contain, for example, up to 12 carbon atoms, 

14 suitably up to 6 carbon atoms* In particular, the 

15 alkyl group or moiety may be an unsubstituted or 

16 substituted methyl, ethyl, n-propyl, iso-propyl, 

17 n-butyl, sec-butyl, isobutyl or tert-butyl group. 

18 Examples of suitable optional substitutents for any 

19 such alkyl group or moiety include the above-listed 

20 substitutents for hydrocarbon groups, and also the 

21 above-listed non-alkyl hydrocarbon groups, for example 

22 (C2-6)a.lkenyl and aryl groups. 
23 

24 The term 'aryl' as used herein includes phenyl and 

25 naphthyl, which may be unsubstituted or substituted by 

26 up to five, preferably up to three, groups selected 

27 from the above-listed substituents for hydrocarbon 

28 groups, and the above-listed hydrocarbon groups, 

29 including, for example, substituents selected from 

30 halogen, (Ci«6)alkyl, phenyl, (Ci-6)allcoxy, 

31 halo (Ci-5) alkyl, hydroxy, amino, nitro, carboxy, 

3 2 ( C]^-6 ) alkoxycarbonyl , ( Ci-6 ) alkoxycarbonyl ( Ci-6 ) alkyl , 

33 {Ci-6)alkanoyloxy, and (Ci-e^^^^y^^oy-^ groups. 

34 

35 The term 'acyl' as used herein includes unsubstituted 

36 and substituted hydrocarbon-carbonyl and 

37 hydrocarbonyoxy-carbonyl groups, including, for 
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2 example, unsubstituted and substituted alkanoyl, 

3 cycloalkylcarbonyl, arylcarbonyl, alkoxycarbonyl, 

4 aryloxycarbonyl, and heterocyclylcarbonyl groups. The 

5 term 'acyloxy' is used analogously. 
6 

7 The terms 'heterocyclyl' and •heterocyclic' as used 

8 herein include aromatic and non-aromatic, single and 

9 fused, rings suitably containing up to four 

0 hetero-atoms in each ring selected from oxygen, 

1 nitrogen and sulphur, which rings may be unsubstituted 

2 or substituted by, for example, up to three groups 

3 selected from halogen, {Ci-6)alkyl, (C1-5 )alkoxy, halo 

4 {Ci_5)alkyl, hydroxy, amino, carboxy, carboxy salts, 

5 carboxy esters, (Ci-e )alkoxycarbonyl, (Ci-g )alkoxy- 

6 carbonyl(Ci-5)alkyl, aryl, and 0x0 groups. Each 

7 heterocyclic ring suitably has from 4 to 7, preferably 

8 5 or 6, ring atoms. A fused heterocyclic ring system 

9 may include carbocyclic rings and need include only one 
0 heterocyclic ring. 

1 

2 The term 'heteroaryl* as used herein means an aromatic 

3 heterocyclic ring or ring system, suitably having 5 or 

4 6 ring atoms in each ring. 
5 

6 In one group of compounds of the general formula I, 

7 and .R^ together denote an 0x0 group, as in naturally 

8 occurring erythromycins, although in some cases such 

9 compounds may exist as a 6, 9-hemiketal tautomer. In a 

0 second group of compounds of the general formula I, r1 

1 and r2 together denote an oxime group (also referred to 

2 as a hydroxyimino group, =NOH) or a substituted oxime 

3 group (for example, an oxime ether group or an 

4 acyl-oxime group) . Such compounds may be referred to 

5 as erythromycin oxime derivatives. In a third group of 

6 compounds of the general formula I, R^ and R^ together 

7 denote an imino group; such compounds may be referred 
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02 to as erythromycin imines, and may in some cases exist 

03 as a 6, 9-carbinolamine ether tautomer. In a fourth 

04 group of compounds of the general formula I, one of r1 

05 and r2 denotes an amino group or a substituted amino 

06 group, and the other of r1 and r2 denotes a hydrogen 

07 atom; such compounds may be referred to as 

08 erythromycylamines . 
09 

10 The compounds in which R^ and r2 together denote an oxo 

11 group and r5 denotes a hydroxy group may exist in the 

12 alternative tautomeric fomn in which one of r1 and r2 

13 denotes a hydroxy group and the other of and r2 

14 together with r5 denotes an ether oxygen atom. Such 

15 tautomeric forms may exist in equilibrium. 
16 

17 When R^ and r2 together denote an oxo group, suitably 

18 R^ denotes an alkoxy group. Such compounds have the 

19 advantage of improved acid stability as compared with 

20 the 6-hydroxy-9-oxo compounds. 
21 

22 Advantageously, and R^ together denote an oxime or 

23 substituted oxime group. Such compounds also generally 

24 have the advantage of improved acid stability as 

25 compared with the 6-hydroxy-9-oxo compounds. 

26 In the case of the erythromycin oxime and substituted 

27 oxdLme derivatives according to the invention, R^ and r2 

28 may together denote a group of the formula IV: 
29 

30 s^jIz-w-^x-vO-rI^ IV 

31 

32 in which r13 denotes hydrogen or an unsubstituted or 

33 substituted hydrocarbon group or an acyl group. 

34 Examples of suitable groups denoted by R^-^ include 

35 unsubstituted and substituted alkyl, cycloalkyl and 

36 aryl (preferably phenyl) groups, and also unsubstituted 

37 and substituted hydrocarbon-carbonyl and 
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hydrocarbonoxy-carbonyl groups, for example 
unsubstituted and substituted alkanoyl, 
cycloalkylcarbonyl , arylcarbonyl , alkoxycarbonyl , and 
aryloxycarbonyl groups. Examples of acyl groups R^^ ' 
include acetyl and benzyloxycarbonyl groups. Examples 
of unsubstituted alkyl groups r13 include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, and 
tert-butyl groups. Examples of substituted alkyl 
groups include aralkyl (especially benzyl), 

alkoxyalkyl, alkenyloxyalkyl, alkynyloxyalkyl, 
aryloxyalkyl , arylalkoxyalkyl , alkoxyalkoxyalky 1 ( for 
example B-methoxyethQxymethyl) , alkylthioalkyl, 
alkenylthioalkyl , alkynylthioalkyl , arylthioalkyl , 
aralkyl thioalkyl, haloalkyl, formylalkyl, carboxyalkyl 
and salts and esters thereof, thiocyanotoalkyl, 
cyanoalkyl, acylalkyl, carbomoylalkyl, and aminoalkyl 
groups; each of the said alkyl, alkenyl and alkynyl 
moieties suitably having up to 6 carbon atoms; each of 
the said thio derivatives optionally being oxidised to 
the corresponding sulphoxide or sulphone derivative; 
and the said amino moiety of the said suninoalkyl groups 
suitably being of the formula V: 

r14 
1 

-N V 
I 

r15 

in which each of r14 and R^^^ which may be identical or 

different, denotes hydrogen or an unsubstituted or 

substituted hydrocarbon group, advantageously an alkyl 

group, preferably having from 1 to 6 carbon atoms, or 
r14 

and r15 and the nitrogen atom to which they are 
attached together denote an unsubstituted or 
substituted, unsaturated or saturated heterocyclic 
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02 ring, optionally containing one or more "heteroatoras 

03 additional to tlie said nitrogen atom, each of R^^ and 

04 preferably denoting a hydrogen atom. 
05 

06 Erythromycin oximes and substituted oximes having 

07 9-substituents of the type described above have been 

08 described in, for example, GB 1 100 504, E.H. Massey et 

09 al, G.H. Timms et al, US 3 681 326, US 3 869 445, US 4 

10 063 014 and US 4 349 545, all 0£. ext.. 
11 

12 The erythromycin oxime and substituted oxime 

13 derivatives according to the invention can exist in two 

14 geometric isomeric forms about the double bond at 

15 the 9-positioa, as indicated by the wavy line in 

16 formula IV above, namely the E-form and the Z-form. 

17 The E-form is generally preferred. 
18 

19 In the case of the erythromycin imine derivatives 

20 according to the invention, and R^ together denote a 

21 group of the formula Vis 
22 

23 s^-H VI 

24 

25 or one of r1 and r2 denotes an amino group, and the 

26 other of r1 and r2 together with r5 denotes an ether 

27 oxygen atom. These two alternatives constitute 

28 different tautomeric forms of the imine derivative, 

29 which may exist in equilibrixam. 
30 

31 Erythromycin imine has been described, for example, in 

32 G.H. Timms et al, o£. cit . . 
33 

34 In the case of the erythromycylamine derivatives 

35 according to the invention, one of R-^ and r2 denotes 

36 hydrogen and the other of R^ and R^ may denote a group 

37 of the formula V above, in which rI^ and r15 are 
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defined as above. Suitably each of R^^ and R^S denotes 
a hydrogen atom. Erythromycyl amine and derivatives 
thereof have, for example, been described in GB 1 100 
504, E.H. Massey et al and G.H. Timms et al, all op. 
cit. . 

The erythromycylamine derivatives according to the 
invention can exist in two isomeric forms at the 
9-position, namely the (9R)-form, in which r1 denotes 
hydrogen and r2 denotes the optionally substituted 
amino group,, and the (9S)-form, in which R^ denotes the 
optionally substituted amino group and r2 denotes 
hydrogen. The (9S) -isomer is preferred. 

The erythromycin derivatives according to the invention 
are characterised by an 11-ether group, denoted as -Or3 
in the general formula I, 

denotes a hydrocarbonoxymethyl, acyloxymethyl, 
acylaminomethyl or sulphonamidomethyl group of the 
formula 11 defined above. Examples of 
ll-O substituents of the formula II include those of 
the following formulae: 



RA-0-CH2- 



IIA 



RB.CO-O-CH2- 



IIB 



R^-C0-NH-CH2- 



IIC 



RA-SO2-NH-CH2- 



IID 



rA-o-ch- 



IIE 



rE 



RB-CO-O-CH- 

I 

re 



IIP 
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rB-C0^-CH2- IIG 

I 

rE 

RA_s02^!r-CH2- IIH 
I 

re 

0-CH- IIJ 
\l 

rF 

0-CH- IIK 
I I 

oc-rF 

OC-N-CH2- 
R^ 

rI^-N-CH- IIM 

1 1 

oc-rF 



in whicli formulae 

R^, R^ and R^ are defined as above, 

R^ deno-bes an unsubs1:it.u-ted or subs-titu-ted 
"hydrocarbon group, and 

rF denotes a unsubstituted or substituted, divalent, 
hydrocarbon group completing a 4- to 7-raembered ring. 

Suitably, the ll-0;-substituent R^ is of the formula 
IIA, lie, IIG or IIL. Also suitably, R^ may be of the 
formula IIB, IID or IIH- 

Suitably, R^ denotes an unsubstituted or substituted 
alkyl, alkenyl, aryl, or cycloalkyl group. Suitably, 
R^ denotes a tiydrogen atom or an unsubstituted or 
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02 substituted alkyl, alkoxy, aryl, aryloxy, cycloalkyl, 

03 or cycloalkyloxy group. Suitably, the alkyl group rA 

04 is a (Ci-6)alkyl group, for example a methyl, 

05 ethyl, propyl or butyl group, especially a methyl or 

06 ethyl group. Suitably, the aryl group or R^ may 

07 be a phenyl group, and the aryloxy group rB may be a 

08 phenoxy group. The cycloalkyl group or moiety suitably 

09 has from 3 to 7 carbon atoms, for example a cyclohexyl 

10 group or moiety. 
11 

12 Examples of substituents for substituted hydrocarbon 

13 groups rA or rB and for substituted hydrocarbon-oxy 

14 groups rB include hydroxy, halogen, carboxy, alkoxy, 

15 aryloxy, formyl, formyloxy, acyloxy (for example, 

16 alkanoyloxy and arylcarbonyloxy, especially 

17 benzoyloxy) , alkoxycarbonyl, hydrocarbon- sulphonyloxy 

18 (for example, alkanesulphonyloxy) , substituted-silyloxy 

19 (for example, trialkylsilyloxy) , amino (which may 

20 suitably be of the formula V above, for example 

21 N-alkylamino and N,N-dialkylamino) , oxo, azido, diazo, 

22 and heterocyclyl (especially nitrogen-containing 

23 heterocyclyl bonded through a ring nitrogen atom, for 

24 example triazolyl, piper idinyl, and phthalimido, and 

25 also heteroaryl) groups. 
16 

Suitably, rC denotes a hydrogen atom. Suitably, rD 

^8 denotes an alkyl group (especially a methyl group) or a 

hydrogen atom. In the event that rC and/or rD 

^0 denotes an unsubstituted or substituted hydrocarbon 

^1 group, it may advantageously be an unsubstituted or 

^2 substituted alkyl, cycloalkyl or aryl group. Suitably, 

13 the alkyl group is a (Ci.5)alkyl group, for example a 

14 methyl or ethyl group. Suitably, the aryl group may be 
f5 a phenyl group. The cycloalkyl group suitably has from 
i6 3 to 7 carbon atoms, for example the cyclohexyl group. 
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02 An example of a substituted alkyl group is an aralkyl 

03 group r for example a benzyl group. Suitably 

04 and/or bP denotes an alkyl group. 
05 

06 The above list of advantageous and suitable groups also 

07 applies to tbe hydrocarbon groups R^. Suitably R^ 

08 denotes a methyl group. 
09 

10 In the event that two of rA, rB^ rC and bP 

11 together denote, or rF denotes, a divalent, 

12 unsubstituted or substituted, organic group completing 

13 a 4- to 7-membered heterocyclic ring, the said ring may 

14 be saturated or unsaturated and may optionally contain 

15 hetero-atoras additional to those shown in the 

16 respective formula. Such additional hetero-atoms 

17 suitably include oxygen, sulphur, and nitrogen atoms. 

18 Suitably, two of R^, R^, R^ and R^ together 

19 denote, or R^ denotes, an alkylene group, for example 

20 an ethylene, propylene or butylene group. For example, 

21 the group of the formula IIJ may be a tetrahydrofuryl 

22 group, and the group of the formula IIL may be a 

23 pyrrolid-2-on-l-ylmethyl group. 
24 

25 Further examples of suitable substitutents for a 

26 hydrocarbon group R^ to R^, a hydrocarbon-oxy group 

27 r8, and a divalent organic group denoted by two of 

28 rA, rB, rC and R^ or by R^, include, in 

29 particular, alkoxy, alkoxyalkoxy, aryloxy, hydroxy, 

30 euaino, substituted amino (for example, monoalkylamino 

31 and dialkylcimino) , carboxy, esterified carboxy (for 

32 example, alkoxycarbonyl) , acyloxy (for example, 

33 alkanoyloxy) , carbamoyl (H2N-C(=0)~) , and substituted 

34 carbcimoyl (for example, N-alkylcarbaunoyl and 

35 N, N-dialkylcarbamoyl) groups. Any aryl or alkyl moiety 

36 in such substituents may itself be substituted by, for 

37 example, an alkyl or aryl group or one of the listed 
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1 2 substituents, and any alkyl moiety advantageously 

13 contains not more than 6, preferably not more than 4, 

14 carbon atoms. An example of a substituent in vfliich an 

15 alkyl moiety is itself substituted is an alkoxyalkoxy 

1 6 substituent • 
17 

i8 Particularly preferred groups of the formula II are 

'9 those of the formula IIA, especially those in which 

0 RA denotes a 2-substituted- ethyl or 3-substituted 

1 propyl group, wherein the substituent may, for example, 

2 be one of the substituents listed above as a suitable 

3 substituent for the group R^, including, for example, 

4 amino, N-alkylamino, N,N-dialkylamino, halogen, 

5 hydroxy, alkoxy, benzoyloxy, alkanesulphonyloxy, 

6 trisilyloxy, alkoxycarbonyl , alkanoyloxy, phenoxy, and 

7 heterocyclyl groups, 
8 

9 In the compounds of the general formula 1, the 

0 12-substituent denoted by R^ is preferably a hydroxy 

1 group as in the erythronolide A ring, or, in other 

2 words, the compounds of the general formula I are 

3 preferably derivatives of erythromycin A. 

4 Alternatively, however, the present compounds may be 

5 derivatives of erythromycin B, in which case R^ denotes 

6 a hydrogen atom, or of another naturally occurring 

7 erythromycin. 
8 

9 The 6-position of the erythronolide ring may carry a 

0 hydroxy group or an ether ified hydroxy group, r5, in 

1 which r5 denotes hydroxy or alkoxy. Suitably, the 

2 6-position carries a hydroxy group, as in 

3 naturally-occuring erythromycins . 
4 

5 In the event that the 6-position carries an etherified 

S hydroxy group, the alkoxy group is advantageously a 
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02 (Ci-6)alkoxy group, preferably a methoxy group. 

03 6-0-alkyl-erythroiaycin derivatives have been described 

04 in EP 0 041 355 Al and EP 0 080 818 Al, both o£. ext.. 
05 

06 The -OR*^ group in the 3' '-position of the cladinose 

07 ring may be a hydroxy group or a raethoxy group. 

08 Preferably, denotes a methyl group as in 

09 erythromycin A and B. 
10 

11 The 4' '-position of the cladinose ring may suitably 

12 carry a hydroxy group as in erythromycin A and B (r8 = 

13 H; r9 =s oh). Various modifications of the 4' '-position 

14 of the cladinose ring have previously been described 

15 cind those modifications may be incorporated in the 

16 compounds according to the present inventions 
17 

. 18 (i) 4 ' • -deoxy-4 * • -oxo derivatives (R^ + R^ = 0=) 

19 are described in US 3 842 069, US 3 884 903 

20 and US 4 150 220, all 0£. ext.; 
21 

22 (ii) 4 ' ' - epi- hydroxy derivatives (R^ = OH? R^ = H) 

23 and 4' '-deoxy-4' '-alkanoyloxy-4' '- epi derivatives 

24 (R^ = alkanoyloxy, especially CH3COO-; R^ = H) are 

25 described in US 3 884 903, 0£. ext.; 
26 

27 (iii) 4' '-q-alkyl derivatives (R^ or R^ = alXoxy, 

28 especially methoxy? the other of R^ and R^ = H) 

29 are described in EP 0 080 818 Al, 0£. ext.; 
30 

31 (iv) 4' '-deoxy-4' '-amino derivatives (r8 or r9 = 

32 amino or substituted amino? the other of r8 and 

33 r9 = H) are described in US 4 150 220, 0£. ext.; 
34 

35 (v) 4' '-deoxy-4' • -oxime derivatives (R^ + R^ = 

36 oxime (=^-OH) or substituted oxime, especially 
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)2 acetyloxime (-N-O-CO-CH3) ) are also described in 

)3 US 4 150 220, 0£ cit . ? 

)4 

)5 (vi) 4' '-0-sulphonyl derivatives (r8 = H, 

)6 = R^2-s02H3-) are described in US 3 836 519, 

)7 US 3 869 445 and US 4 063 014 (all 

)8 R* Hallas et al; Abbott Laboratories); and 

)9 

.0 (vii) 4'*-deoxy derivatives (R® = R^ = H) are 

.1 described in JP 58-049396 (Toyo Jozo KK) . 

.2 

.3 In the 4* *-deoxy-4' '-(substituted amino) derivatives, 

.4 the substituted amino group r8 or R^ may suitably be a 

.5 group of the formula 
.6 

.7 -NHCOrI^ or -NHS02R^^ 

.8 

.9 in which R^^ denotes a hydrocarbon group. 

:0 • In the 4 *• -O- sulphonyl derivatives, in which R^ or R^ 

11 denotes a sulphonyloxy group of the formula 

:2 

:3 R12-S02-0-, 

:4 

:5 the organic group Ri2 may suitably be an unsubstituted 

;6 or substituted hydrocarbon, oxahydrocarbon, 

:7 thiahydrocarbon or azahydrocarbon group, more 

:8 especially an alkyl, alkenyl, unsubstituted or 

.9 substituted aryl (especially phenyl, nitrophenyl, 

•0 halophenyl or alkylphenyl) , unsubstituted or 

1 substituted aralkyl (especially benzyl, nitrobenzyl, 

2 halobenzyl or alkylbenzyl) , unsubstituted or 

3 substituted aryloxyalkyl (especially phenoxyalkyl, 

4 nitrophenoxyalkyl, halophenoxyalkyl or 

5 alkylphenoxyalkyl) , or substituted ethyl (especially 

6 R^^-CH2-CH2-, wherein R^^ is defined as below) group. 
7 
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02 Examples of groups the 4 ' ' -substituent 
03 

04 R^7«cH2-CH2-S02HD- 
05 

06 include amino, substituted amino, carbamoyl, 

07 substituted carbamoyl, sulpbamoyl, substituted 

08 sulphamoyl, substituted ureido, substituted thioureido, 

09 alXoxy, alkythio, optionally substituted aryloxy, 

10 optionally substituted arylthio, optionally substituted 

11 benzyloxy, optionally substituted benzyl thio, 

12 substituted suphonyl, substituted sulphinyl, 

13 * substituted alkyl, substituted alkanoyl, substituted 

14 cyano, and other groups more specifically described in 

15 US 3 869 445 and US 4 063 014, 0£, ext. 
16 

17 Preferably, R^^ denotes a hydrocarbon group, 

18 particularly a (Ci-ei^illcyl group, especially a methyl 

19 group. 
20 

21 The present invention includes pharmaceutically 

22 acceptable esters, especially in vivo hydrolysable 

23 esters, of the compounds of the general fo3rmula 1. The 

24 esters may be formed at any hydroxy group in the 

25 compounds of the general formula I, but usually the 

26 ester will be formed at the 2 '-hydroxy group of the 

27 desosamine ring, thus giving a 2'-0-acyl derivative of 

28 the type described in US 2 862 921 (R.E. Booth et al; 

29 Upjohn Co.), US 2 993 833 (V.C. Stephens; Eli Lilly), 

30 US 3 836 519, US 3 842 069, US 3 869 445, US 3 884 903, 

31 US 3 884 904 and US 4 150 220, all 0£. cit. 
32 

33 Suitable pharmaceutically acceptable in vivo 

34 hydrolysable esters include those that break down 

35 readily in the human body to leave the parent compound 

36 or a salt thereof. Suitable ester groups include, for 

37 example, those derived from pharmaceutically acceptable 
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aliphatic carboxylic acids, particularly alkanoic, 
alkenoic, cycloalkanoic, and alkanedioic acids, in 
which each alkyl or alkenyl moiety advantageously has 
not more than 6 carbon atoms. Exeuaples of particular 
esters include acetates, propionates, butyrates, 
acrylates, and ethylsuccinates . 

The present invention also includes acid addition 
salts, especially pharmaceutically acceptable acid 
addition salts, of the compounds of the general formula 
I. Such acid addition salts may, in particular, be 
formed at the 3 ' -dimethylaraino group of the desosamine 
ring. 

Various acid addition salts of erythromycin are 
described in US 2 761 859 (C.E. Hoffhine, Jr.; Abbott 
Laboratories) and US 2 852 429 (J.T. Shepler; Eli 
Lilly) . 

Suitable acid addition salts of the compounds of the 
invention include pharmaceutically acceptable inorganic 
acid addition salts, for example the sulphate, nitrate, 
phosphate, borate, hydrochloride and hydrobromide , and 
also pharmaceutically acceptable organic acid addition 
salts, for example the acetate, tartrate, maleate, 
citrate, succinate, benzoate, ascorbate, 
methane-sulphate , a-keto-glutarate, 
a-glycerophosphate, and glucose-l-phosphate . 
Preferably the acid addition salt is the laurylsulphate 
salt. * 

Examples of individual compounds according to the 
present invention include the title compounds of the 
examples 
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02 as well as 
03 

04 corresponding 6-etlier derivatives, and 
05 

06 corresponding derivatives in whicti the 

07 4* '-position is modified as discussed above; 
08 

09 and also 
10 

11 pharmaceutically acceptable esters and acid 

12 addition salts of such compounds. 
13 

14 The 11-ether erythromycin derivatives or erythromycin 

15 9-substituted-oxime derivatives according to the 

16 invention may be prepared by reacting erythromycin or 

17 an erythromycin 9-oxime or 9-substituted-oxime 

18 derivative having a hydroxy substituent at the 

19 11-position, in which any reactive groups (other than 

20 the 11 -hydroxy group) may optionally be protected, with 

21 a suitable alkylating agent R^-X; and thereafter if 

22 necessary carrying out one or more of the following 

23 steps: 
24 

25 (a) converting a substitutent on the 

26 erythromycin structure to another such substituent 

27 in a conventional manner; 
28 

29 (b) removing any protecting groups; and 
30 

31 (c) forming a pharmaceutically acceptable ester 

32 or acid addition salt. 
33 

34 A resulting 9-oxo compound according to the invention 

35 may, if desired, optionally be converted to a 9-oxirae 

36 or 9-substituted-oxime compound according to the 

37 invention. 
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A resulting 9-substituted-oxime compound according to 
the invention may, if desired, subsequently be 
converted to a 9-oxo or 9-oxime compound according to 
the invention. A resulting 9-oxime compound may, in 
turn, be converted to a 9-imino compound according to 
the invention, which may, if desired, be further 
converted into a 9-eimino compound according to the 
invention, which may, if desired, be yet further 
converted to a 9-substituted-amino compound according 
to the invention. 

More particularly, a compound of the general formula I 
as hereinbefore defined or a pharmaceutically 
acceptable ester or acid addition salt thereof may be 
prepared by a process which comprises reacting a 
compound of the general formula VII: 



CH3 



N(CH3) 2 




wherein 

R^, R^, R^, rS and R^ are defined as above with respect 
to general formula I, and 
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R^® denotes an oxo group, an oxime group, or a 
substituted oxime group, 

in which, compound of the general formula VII any 
reactive group (other thcui the Il-hydroxy group) may 
optionally be protected, 

with an alkylating agent of the general formula VIII: 

Q-CH-X VIII 

i= 

in which 

Q and are as defined above, and 
X denotes a leaving group; 

to give a compound of the general formula I in which R^ 
and R^ together denote an oxo group or a substituted 
oxime group; 

and thereafter, if necessary or desired, carrying out 
one or more of tlie following steps in any suitable 
orders 

(a) converting an oxo group denoted by R^ and R^ 
together to an oxime group or a substituted oxime 
group ; 

(b) converting a substituted oxime group denoted 
by rI and R^ together to an oxo group (or the 
corresponding tautoraer), another substituted oxime 
group, or an oxime group; 
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)2 (c) converting a resulting oxime group denoted by 

)3 rI and r2 together to an oxo group (or the 

)4 corresponding tautomer), a substituted oxime group 

)5 or an imino group (or the corresponding tautomer); 

)6 

)7 (d) converting a resulting imino group denoted by 

)8 and r2 together to an erniino group denoted by R^ 

)9 or r2 7 
.0 

,1 (e) converting a resulting amino group denoted by 

.2 . R^ or r2 to a substituted amino group; 

.3 

.4 (f) converting any one or more of the groups 

.5 denoted by , R^, r8 and R^ to another such 

.6 group; 
.7 

.8 (g) removing any protecting group that may be 

.9 present; and 

10 

11 (h) forming a pharmaceutically acceptable ester 

12 or acid addition salt. 
13 

14 The compound of the general formula VII in which: 
>5 

15 each of R^, R^ and R^ denotes hydroxy, 
>7 

IQ rQ denotes hydrogen, and 

19 R^ denotes methyl, and 
10 

M Ri8 denotes oxo 
(2 

J3 is naturally occurring erythromycin A, and the compound 

14 of the general formula VII in which: 

\5 

J 6 each of R^ and R^ denotes hydrogen, and 

M each of r5 and R^ denotes hydroxy, 

18 
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02 denotes metTiyl, 
03 

04 R^S denotes oxo 

05 

06 is naturally occurring erythromycin B. 
07 

08 The corresponding compounds in which Ri8 denotes oxime 

09 or substituted oxirae are erythromycin A or B 

10 9- ( substituted )oximes, and may be prepared from 

11 erythromycin A or B by known methods, for example by 

12 the methods described in the above-cited references 

13 relating to erythromycin 9-oximes and 9-substituted- 

14 oximes. 
15 

16 other compounds of the general formula VII may also be 

17 prepared, by methods known per se, from erythromycin A 

18 or B or the corresponding 9-oxime or 9-oxime 

19 etherderivative. For example, a compound in which the 

20 4' '-position is substituted other than as in 

21 naturally-occuring erythromycin A or B (that is to say, 

22 in which R® is other than hydrogen and/or R^ is other 

23 than hydroxy) may be prepared as described in the 

24 respective references cited above. 
25 

26 In general, in the preparation of compounds of the 

27 general formula VII in which Ri8 denotes a 

28 (substituted) oxime group, the conversion of the 9-oxo 

29 group of erythromycin A or B to a 9-oxime or 

30 9-substituted-oxime group may be effected prior to or 

31 subsequent to modification of other positions of the 

3 2 erythromycin molecule. 
33 

34 Prior to carrying out the reaction of a compound of the 

35 general formula VII with the alkylating agent, any 

36 reactive group of the compound of the general formula 
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VII (other than the 11-hydroxy group) may optionally be 
protected in a known manner. 

In particular, the 3 ' -dimethylamino group will 
generally be protected by an N-protecting group. The 
N-protection may be effected in known manner, for 
example by the method described by E.H. Flynn et al, 
( J. Amer. Chem. Soc , 1955, 3104-3106). 

Examples of suitable N-protecting groups include 
benzyloxycarbonyl, and substituted benzyloxycarbonyl , 
(for example / p-methylbenzyloxycarbonyl, 
p-nitrobenzyloxycarbonyl , p-bromobenzyloxycarbonyl , 
p-phenylazobenzyloxycarbony 1 , and p- ( p * -me thoxy- 
phenylazo) -benzyloxycarbonyl ) . A preferred 
N-protecting group is benzyloxycarbonyl. It may also 
be advantageous to protect one or more of the hydroxy 
groups present in the erythromycin molecule (other than 
the 11-hydroxy group) prior to reaction. In 
particular, it may be advantageous to protect any 
hydroxy groups present at the 2'- and 4 " -positions, 
especially the 2 '-hydroxy group. It is convenient to 
employ the same group to protect the hydroxy group{s) 
as that employed to protect the amino moiety, 
especially a benzyloxycarbonyl group. 

Any reactive substituents that may be present in the 
group r8 or should preferably also be protected in a 
conventional manner. 

The present invention also provides compounds of the 
general formula IX, which are useful as intermediates 
in the preparation of the compounds of the general 
formula I: 
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02 




16 

17 R^, r5, R^ and R^^ are defined as above; 

18 

19 R^^ denotes H or Z; 
20 

21 R^^ denotes H or, preferably, R^ (wbere R^ is defined 

22 as above) , with the proviso that, if R^^ denotes oxo or 

23 R^ denotes metho^, then r23 deno-tes R^; 
24 

25 one of R^S and R29 denotes H, OH, OZ, NZ2/ NHa^ NHZ, 

26 substituted NH2, substituted NHZ, alkoxy, alXanoyloxy, 

27 or r12-s02-0- (in which Ri2 denotes an organic group), 

28 and the other of r28 and r29 denotes H, or 
29 

30 r2S and r29 together denote 0x0; and 
31 

32 Z denotes a protecting group, more particularly an 

33 N-protecting group, preferably a substituted 

34 benzyloxycarbonyl group or, especially, a 

35 benzyloxycarbonyl group. 



36 
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2 Suitably, r23 denotes R^. 
3 

4 In the process according to the invention, the 

5 erythromycin compound of the general formula VII, 

6 optionally containing protective groups, is reacted 

7 with an alkylating agent of the general formula VIII, 

8 suitably in the presence of a base and an organic 

9 solvent. 
0 

1 The alkylating agent may be represented by the general 

2 formula VIIIA: 
3 

4 r3 - X VIIIA 

5 

6 in which 
7 

8 r3 denotes a group of the formula II given above, and 
9 

0 X denotes a leaving group. 
L 

2 Examples of suitable leaving groups X include halogen 

3 atoms (for example chlorine, bromine, and iodine), 

4 alkylsulphonyloxy groups (for example 

5 methanesulphonyloxy) , and arylsulphonyloxy groups (for 

6 example p-toluenesulphonyloxy) , Preferably, X denotes 

7 a halogen atom, especially a chlorine atom, 
3 

^ The alkylation reaction used according to the process 

3 of the invention is a novel alkylation procedure in 

L relation to erythromycins and can be carried out under 

1 more mild conditions than can alkylation methods 
5 previously used to etherify erythromycin hydroxy 
I substituents, such as the alkylation procedures 

) described in US 3 842 069, US 3 884 904, EP 0 041 355 

> Al, EP 0 080 813 Al, and EP 0 080 819 Al, all op. 

' cit. . It has been found that alkylation according to 
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02 the process of the invention results in etherif ication 

03 preferentially at the 11-hydroxy group. 
04 

05 The alkylating agent used according to the present 

06 invention is suitably a derivative of an alTcyl halide. 

07 Particularly suitable alkylating agents of that type 

08 include, for example, a-haloalkyl ethers (such as 

09 compounds in which r3 is of the formula IIA, HE or 

10 IIJ) # especially a-chloroalkyl ethers; a-haloalkyl 

11 esters (such as compounds in which is of the formula 

12 IIB, IIF or IIK) , especially a-chloroalkyl esters; and 

13 a-haloalkyl coaides (such as compounds in which is of 

14 the formula IIC, IIG, IIL or IIM), especially 

15 a-chloroalkyl amides • 
16 

17 The alkylation reaction is conveniently carried out 

18 under weakly basic conditions. The base is suitably an 

19 organic base, advantageously a non-nucleophilic organic 

20 base, also advantageously a weak organic base. 

21 Particularly suitable organic bases include tertiary 

22 amines, for example N,N-diisopropyl-ethylamine and 

23 substituted pyridines, especially alkylpyridines, for 

24 example dimethylpyridines ( i.e . lutidines, e.g . 

25 2,6-lutidine) and trimethylpyridines ( i.e . collidines). 
26 

27 If the group r3 contains any reactive substituents , 

28 that is to say, substituents that will react under the 

29 above-mentioned conditions, (including, for example, 

30 some of the substituents mentioned previously for the 

31 group R^), such substituents may advantageously be 

3 2 protected in conventional manner prior to reaction of 

33 the alkylating agent with the erythromycin compound of 

34 the general formula VII. 
35 

36 The alkylation reaction may suitably be carried out in 

37 an inert solvent. Suitable solvents include, for 
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D2 example, N,N-dimethylforniamide, N,N-dimethylacetamide, 

33 dimethyl sulphoxide, hexamethylphosphoric triamide, 

34 N-raethylpyrrolidinone, tetrahydrof uran , dioxan, 

35 dichloromethane, ethoxyethane, and 1, 2-dime1:hoxyethane, 

36 and also mixtures of two or more such solvents • 
37 

38 The alkylation reaction may suitably be carried out 

39 using from 1 to 6 moles, preferably from 1 to 5 moles, 
LO of the alkylating agent per mole of the erythromycin 
LI compound of the general formula VII. The base is 

L2 suitably used in a molar excess with respect to the 

L3 alkylating agent, advantageously an excess of at least 

L4 1,1 : 1, preferably from 1.5 ; 1 to 2 : 1. 
.5 

16 The said reaction may suitably be effected at a cool to 

.7 slightly elevated temperature preferably at about 

-8 ambient temperature. The reaction may, for example, be 

.9 effected at a temperature within the range of from 

10 -20^0 to +50^0, preferably from O^c to +35^0, 

11 especially from +15^0 to +30^0. If the initial 

12 erythromycin compound of the general formula VII 

•3 contains a 9-oxime group, that group will react with 

54 the alkylating agent to form a 9-oxime ether. 

15 Alternatively, the 9--oxime group may first be protected 

16 by means of, for example, an ether or ester group, so 
•7 that the alkylation reaction is in fact carried out on 
•8 a 9-substituted-oxime. Such protection may be effected 
'9 in known manner using known ether-forming 

:0 hydroxy-protecting groups, for example benzyl, 

■1 substituted benzyl, tetrahydropyranyl, and 

•2 trichlorethyl groups. 
3 

4 Accordingly, the erythromycin compound resulting from 

5 the alkylation reaction will contain a 9-oxo group (if 

6 the starting compound of the general formula VII 

7 contained such a group) or a 9-substituted-oxime group 
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02 (if the starting material contained a 9-oxime or 

03 9-sxibstituted-oxime group) . If the desired product of 

04 the general formula I contains such a group, no 

05 reaction need be carried out at the 9-position, 

06 although a 9-oxo group may optionally now be converted 

07 into a 9-oxime or 9-substituted-oxime group, and a 

08 9-substituted-oxime group may optionally now be 

09 converted into a 9-oxo or 9-oxime group or into another 

10 9-substituted-oxime group. If the desired product of 

11 the general formula I contains a 9-imino group, such a 

12 group may be obtained by conversion of a 9-oxo or 

13 9-oxime group, and a 9-iraino group may in turn be 

14 converted to a 9- (optionally substituted) -amino group. 
15 

16 All such conversions at the 9-position may be carried 

17 out in known manner, for example as described in the 

18 above-cited references. For exeimple, the oxime may be 

19 converted to the imine by reaction with titanium 

20 trichloride in known manner, and the imine may be 

21 converted to the amine by reaction with sodium 

22 borohydride in known manner. 
23 

24 Also after completion of the alkylation reaction, and 

25 prior or subsequent to any conversion of the 

26 9-substituent, any of the groups r5, r8 and may be 

27 converted to any of the other such groups within the 

28 definitions given above by methods known in the art, 

29 for example by the methods disclosed in the above-cited 

30 references. For example, a compound in which 

31 denotes hydrogen and denotes hydroxy can be 

32 converted to a compound in which and R^ together 

33 denote oxo and optionally thereafter to a compound in 

34 which R^ denotes hydroxy or acetoxy and R^ denotes 

35 hydrogen by methods analogous to those described in US 

36 3 884 903, 0£. ext.. 
37 
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)2 Moreover, the group r3 introduced by tlie alkylation 

)3 reaction according to the invention may, at this stage, 

)4 be converted to another group in a manner known per 

)5 se. In particular, a substituent in the group r3 may 

)6 be converted to or replaced by another substituent 

^7 using conventional techniques; for example, an azido 

)8 substituent may be converted into, or a halo 

^9 substituent may be replaced by, an amino or substituted 

•0 amino (including N-bonded heterocyclyl) substituent. 

.1 

•2 After completion of the alkylation reaction, any 

.3 protecting groups may be removed by a conventional 

.4 method. It is preferable to employ a hydrogenation 

5 procedure. 

6 

7 The hydrogenation may suitably be carried out in the 

8 presence of a transition metal catalyst, for example 

9 palladium, which may, for example, be in the form of 

0 palladium on carbon (charcoal), palladium on barium 

1 sulphate, palladium on calcium carbonate, or palladium 

2 black, A favoured catalyst is palladium on carbon 

3 (sometimes referred to as palladium on charcoal); for 

4 example 5%, 10%, 20% or 30% palladium on carbon. A 

5 low, medium or high pressure of hydrogen may be used in 

6 this reaction, for example a pressure of from 1 to 6 

7 atmospheres absolute, a pressure of 1 atmosphere 

8 absolute being convenient. The reaction may suitably 

9 be carried out at a non-extreme temperature, for 

0 example at a temperature within the range of from o^c 

1 to 30Oc, preferably from 12^0 to 25^0 . It is generally 

2 convenient to carry out the reaction at 

3 ambient temperature. The reaction is preferably 

4 carried out at a pH within the range of from 4.5 to 

5 5.0, which may be maintained by the use of a suitable 
S buffer, for example an acetate buffer at pH 4.8. 
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02 Suitable solvents for carrying out the hydrogenation 

03 include ethanol, n-propanol, isopropanol^ 

04 tetrahydrofuran, dioxan, ethyl acetate, a mixture of 

05 two or more such solvents, or such a solvent or mixture 

06 in the presence of water. A favoured solvent is 

07 ethanol. 
08 

09 In order to restore the dimethylamino group at the 

10 3 '-position, it is convenient to effect a reductive 

11 methylation, which advantageously may be carried out at 

12 the same time as the reductive removal of the 

13 protecting groups, as in the method of Flynn et al, 

14 0£. cit . . 
15 

16 A compound of the general formula I may be converted to 

17 a pharmaceutically acceptable salt thereof or ester 

18 thereof in a conventional manner at any convenient 

19 stage in the manufacturing process, for example before 

20 or after the removal of any protecting groups and/or 

21 before or after any conversion of the 9-substituent 

22 and/or of groups R^, and R^ to other such groups. 
23 

24 Isolation and purification of a compound according to 

25 the invention may be carried out using conventional 

26 methods, and may include a chrcxaatography step. 

27 Preferably the product is isolated in crystalline form. 
28 

29 The compounds according to the invention, that is to 

30 say, the compounds of the general formula I and their 

31 pharmaceutically acceptable salts and esters, have 

32 antibacterial properties and are useful for the 

33 treatment of bacterial infections in animals, 

34 especially mammals, including humans, in particular 

35 humans and domesticated animals (including farm 

36 animals) . The compounds may be used for the treatment 

37 of infections caused by a wide range of gram-positive 
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i2 and greun-negative organisms including, for example, 

\3 Bacillus subtilis , Corynebacterium xerosis , Sarcina 

i4 lut.ea . Staphylococcus aureus , Streptococcus f aecalis , 

\5 Streptococcus pyogenes . Streptococcus agalactiae , 

i6 Streptococcus pneumoniae , Haemophilus sp . Neisseria 

\7 sp . , Chlamydia sp , , and Legionella sp > . 
i8 

i9 The present invention provides a pharmaceutical 

.0 composition comprising a compound according to the 

.1 invention together with a pharmaceutically acceptable 

.2 carrier or excipient. 
.3 

.4 The present invention also provides a method of 

.5 treating bacterial infections in animals, especially in 

.6 humans and in domesticated mammals, which comprises 

.7 administering a compound or composition according to 

.8 the invention to a patient in need thereof. 

9 

.0 The compounds and compositions according to the 

.1 invention may be formulated for administration in any 

.2 convenient way for use in human or veterinary medicine, 

.3 by analogy with other antibiotics. 

A 

5 The compounds and compositions according to the 

.6 invention may be formulated for administration by any 

7 route, for example oral, topical or parenteral. The 

8 compositions may, for example, be made up in the form 

9 of tablets, capsules, powders, granules, lozenges, 

0 creams, syrups, or liquid preparations, for example 

1 solutions or suspensions, which may be formulated for 

2 oral use or in sterile form for parenteral 

3 administration by injection or infusion. 
4 

5 Tablets and capsules for oral administration may be in 

6 unit dosage form, and may contain conventional 

7 excipients including, for example, binding agents, for 
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02 example syrup, acacia, gelatin, sorbitol, tragacanth, 

03 or polyvinylpyrollidone; fillers, for example lactose, 

04 sugar, maize- starch, calcium phosphate, sorbitol or 

05 glycine; tabletting lubricants, for example magnesium 

06 stearate, talc, polyethylene glycol or silica; 

07 disintegrants, for example potato starch; and 

08 pharmaceutically acceptable wetting agents, for excunple 

09 sodium lauryl sulphate • The tablets may be coated 

10 according to methods well Icnown in normal 

11 pharmaceutical practice. 
12 

13 Oral liquid preparations may be in the form of, for 

14 example, aqueous or oily suspensions, solutions, 

15 emulsions, syrups or elixirs, or may be presented as a 

16 dry product for reconstitution with water or another 

17 suitable vehicle before use. Such liquid preparations 

18 may contain conventional additives, including, for 

19 example, suspending agents, for example sorbitol^ 

20 methyl cellulose, glucose syrup, gelatin, hydroxyethyl 

21 cellulose, carboxymethyl cellulose, aluminium stearate 

22 gel or hydrogenated edible fats; emulsifying agents, 

23 for example lecithin, sorbitan monooleate or acacia; 

24 non-aqueous vehicles (which may include edible oils) , 

25 for exaiaple almond oil, oily esters (for example 

26 glycerine), propylene glycol, or ethyl alcohol; 

27 preservatives, for example methyl or propyl 

28 p-hydroxybenzoate or sorbic acid; and, if desired, 

29 conventional flavouring and colouring agents . 
30 

31 A compound or composition according to the invention 

32 may suitably be administered to the patient in an 

33 antibacterial ly effective amount. A composition 

34 according to the invention may suitably contain from 

35 0.1% by weight, preferably from 10 to 60% by weight, of 

36 a compound according to the invention (based on the 
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D2 total weight of the composition) , depending on the 

33 method of administration. 

D4 

D5 The compounds according to the invention may suitably 

36 be administered to the patient at a daily dosage of 

37 from 1.5 to 50 mg/kg of body weight. For an adult 

38 human (of approximately 70 kg body weight), from 100 to 

39 3000 mg, for example about 1500 mg, of a compound 

LO according to the invention may be administered daily, 

LI Suitably, the dosage for adult humans is from 5 to 20 

L2 mg/kg per day. Higher or lower dosages may, however, 

13 be used in accordance with normal clinical practice. 
L4 

L5 When the compositions according to the invention are 

L6 presented in unit dosage form, each unit dose may 

L7 suitably comprise from 25 to 1000 mg, preferably from 

1-8 50 to 500 mg, of a compound according to the invention. 

.9 

10 No adverse toxicological effects are indicated when the 

compounds according to the invention are administered 

'2 within the above-mentioned dosage ranges. 
13 

14 The following examples illustrate the preparation of 
•.5 compounds according to the present invention. The 

-6 starting materials used in the examples were prepared 

i7 as described in Preparations 1 to 6 preceding the 

'8 examples. 
19 
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02 Prepara-bion 1 
03 

04 2 ' -O ,N-Dibenzyloxycarbonyl-des-N"metliyleryt.hroiaycin 

05 A g-methoxime 
06 

07 a) Eryttiromycin A 9-methoxime 
08 

09 Erythromycin A (25 g), O-methyl-hydroxylamine 

10 hydrochloride (12.5 g) and anhydrous sodiim acetate 

11 (12.5 g) were added to dry methanol (250 ml) and the 

12 mixture was refluxed for 16 hours. The methanol was 

13 removed and the resulting solid was dissolved in 

14 chloroform (SCO ml) and washed with 10% aqueous Na2C03 

15 solution (4 x 50 ml), brine (100 ml) and dried 

16 (MgS04). The solvent was removed and the resulting 

17 solid was recrytallised from chloroform to give 

18 erythromycin A 9-methoxime (17.4 g) as colourless 

19 needles; m.p. 128 - 130°C (dichlorome thane /petrol 

20 (60-8000); LaHD^O -62. 8^ (1.0% wt/vol in EtOH); 

21 V max (CHCI3) 3425 and 1725 cm"!; (Found: C, 

22 59.32%; 9.12%; N, 3.5%. C38H70N2O13 requires C, 

23 59.82%; H, 9.25%; N, 3.67%). 
24 

25 b) 2 * -Q ,N-Dibenzyloxycarbonyl-des-N-methyl- 

26 erythrcmiycin A 9-methoxime 
27 

28 The product from Preparation 1(a) (22 g) was mixed with 

29 sodiiam bicarbonate (22.1 g) and stirred while benzyl 

30 chloroformate (79 ml) was added. The mixture was 

31 stirred at 5 5oc for 3 hours and then added to dichloro- 

32 methane (100 ml) and chroma tographed to give the title 

33 compound (19.1 g) as colourless crystals, m.p. 

34 115-1160C ( ether /hexane); Calo^O -74. 1° (1.0% wt/vol 

35 in CHCI3); y) niax (CHCI3) 1725 and 1690 cm"!; (Found: 

36 C, 62.34%; H, 8.02%; N, 2.89%. C53H80N2O17 requires C, 

37 62.58%; H, 7.93%, N, 2.75%. 
38 
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»2 Preparation 2 

»3 

)4 2 ' -O y N-Dibenzyloxycarbonyl-des-N-metliylerythromycin 

)5 A g-O-benzyloxycarbonyloxinie 

}6 

»7 Erythromycin A 9-oxiine (12.9 g, 17.3 ramol), sodium 

)8 bicarbonate (12.9 g, 154 mmol) and benzyl chloroforraate 

>9 (38 ml, 266 mraol) were thoroughly mixed and then 

.0 heated, with vigorous stirring, at 50^0 for 90 

.1 minutes. After cooling, the solution was diluted with 

.2 an equal volume of dichlorome thane then applied to a 

.3 silica gel column (100 g) made up in, and eluted with, 

.4 ethyl acetate/ hexane (1:1). The title compound was 

.5 obtained as a colourless foam which was crystallised 

.6 from ether/ hexane to give a white solid, ra.p. 118 - 

.7 119^0, Calo^O -106.20 (1% wt/vol in CHCla); v ^i^x 

.8 3450, 1750, 1700, 700 cm"l ; mass spectriam FAB-MS MH"*" 

.9 1137 {C6oH85N20l9)- 
:0 

.1 Preparation 3 
2 

3 2 ' -Q ,M-Dibenzy loxycarbonyl-des-N -methyl erythromycin 

4 A 9-oxime 
5 

:6 The product from Preparation 2 (9.57 g, 8.42 mmol) was 

7 dissolved in methanol (250 ml) and triethylamine (10 

8 ml) and water (2 5 ml) added. The mixture was heated 

9 at reflux for 2 h after which time the solvent was 

0 removed in vacuo and the residue partitioned between 

1 ethyl acetate and 10% aqueous sodium bicarbonate. The 

2 organic layer was separated and dried over MgS04. 

3 Solvent removal gave the crude material (7.85 g) which 

4 was purified by column chromatography (100 g silica, 

5 60% ethyl acetate/hexane as eluent) to give the title 

6 compound (5.0 g, 5.0 mmol, 59%) which was 

7 recrystallised from ethyl acetate/hexane to give a 



0 201 ISS 

01 - 40 - 

02 white crystalline solid, ra.p. 163-1640c, lalj)^^ 

03 -84. 60 (c 1.0, CHCI3); V max (CHCI3) 3550, 3480, 1750, 

04 1700, 700 cra-1. 
05 

06 Preparation 4 
07 

08 2-Bromoetliyloxymetliyl chloride 

09 2-Broraoethanol (12.5 g) in dich lor oe thane (100 ml) was 

10 treated with paraf oramldehyde (3.0 g) and excess 

11 hydrogen chloride gas for 1 h at QO and a further 2 h 

12 at room temperature with stirring. The clear solution 

13 was then evaporated under reduced pressure to give an 

14 oil which was evaporated from dry diethyl ether (2 x 

15 100 ml) to give the title compound as an oil (15.1 g)? 

16 N) max. (film) 650 cm"^. 
17 

18 

19 Preparation 5 
20 

21 2-Phenyloxyethyloxymethyl chloride 

22 2-Phenoxyethanol (13.8 g) was converted into the title . 

23 • compound using a procedure analogous to that descril>ed 

24 in Preparation 4. The title compoimd was thus obtained. 

25 as a colourless oil (12.6 g); v max. 650 cm"l . 
26 

27 Preparation 6 
28 

29 2-Phthalimidoethoxymethyl chloride 

30 2-Phthalimidoethanol (6.37 g) was converted into the 

31 title compound by a procedure analogous to that 

32 described in Preparation 4. T^ie title compound was 

33 obtained as a white solid (6.5 g), v max. (CHCI3) 

34 1785, 1720 and 1705 cta^^ . 
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2 Example 1 
3 

4 ll-O-Me-thoxymethyl-erythromycin A 9-metlioxime 
5 

6 a) ll-O-Methoxymethyl-2 ' "0,N-dibenzyloxycarbonyl-des 

7 "N-methylerythromycin A 9-0-methoxime 
8 

9 2 •-0,N-Dibenzyloxycarbonyl-des-N-methylerythroniycin A 

0 9-raetboxime (400 mg) in dry dimethyl formamide (4 ml) 

1 was treated with chloromethyl methyl ether (0.08 ml) 

2 and 2,6-lutidine (0.20 ml) and the mixture stirred at 

3 room temperature for 1 h. The mixture was diluted 

4 with ethyl acetate (100 ml) and the organic layer 

5 washed successively with water, citric acid solution, 

6 ' saturated aqueous sodium bicarbonate solution, and 

7 finally brine. After drying over anhydrous magnesium 

8 sulphate, the solvent was evaporated. Chromatography 

9 of the residue on silica-gel using ethyl acetate/hexane 

0 (1:1) as eluent gave the title compound as a colourless 

1 foam (250 mg); \> j^^x (CHCI3) 1735 and 1690 cm-^; 

2 mass spectrum FAB-MS MH"*" 1061 (C55H85N2O18) • 
3 

4 b) ll-G-Methoxymethylerythromycin A 9-methoxime 
5 

6 The product from Example 1(a) (250 mg) was dissolved in 

7 a mixture of ethanol (15 ml) and acetate buffer (pH 

8 4.87 1.2 ml) and the solution shaken with 10% 

9 palladium/charcoal (100 mg) under 1 atmosphere of 

0 hydrogen for 30 min. 37% Formaldehyde (1.2 ml) was 

1 added and the hydrogenation continued for a further 1^ 

2 h. The catalyst was removed by filtration and washed 

3 with ethanol and water. The solvent was removed from 

4 the filtrate under reduced pressure and the residue was 

5 diluted to about 20 ml with water. The solution was 
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02 brought to pH 11 with potassium carbonate and extracted 

03 with ethyl acetate (3 x 20 ml). Combined extracts 

04 were washed with water (20 ml) and dried over anhydrous 

05 raagnesixm sulphate. Evaporation gave the title 

06 compound as a colourless foam (164 mg); Ca]D^^ 

07 -69. 30 (1.0% wt/vol in CHCI3); vjaax (CHCI3) 1730 cnT^; 

08 mass spectrum M**" 806.5162 (C40H74N2O14 requires M 

09 806.5144) . 
10 

11 Example 2 
12 

13 ll-0-[2-Benzoyloxyethoxymethyl3erythromycin A 9- 

14 methoxime 
15 

16 a) ll-0-C2-Benzoyloxyethoxymethyl]-2 ' -O ^ N-dibenzyloxy 

17 carbonyl-des-N-methylerythromycin A 9-methoxiroe 
18 

19 2 ' -0^,N-diben2yloxycarbonyl-des-N-methylerythromycin 

20 A 9-0-methoxime {616 mg) in dry dimethylformeimide C5 

21 ml) was treated successively with 2r6-lutidine (0.35 

22 ml) and l-benzoyloxy-2-chloromethoxyethylene (0.38 ml) 

23 and the mixture stirred at room temperature for 18 h. 

24 The solution was diluted with ethyl acetate (100 ml) 

25 and the organic layer washed successively with water, 

26 citric acid solution, saturated aqueous sodium 

27 bicarbonate solution, and finally brine. After drying 

28 over anhydrous magnesium sulphate, the solvent was 

29 evaporated. Chromatography of the residue on silica 

30 gel using dichloromethane/ethyl acetate (2:1) as eluent 

31 gave the title product as a colourless foam (400 mg) 

32 and recovered starting material (170 mg); v m^x 

33 (CHCI3) 1725 cm-1. 



34 



0 201 16® 

»1 - 43 - 

•2 b) ll-Q-[2 '-Benzoyloxyethoxymethyljerythromycin A 
'3 9-methoxiine 

•4 

15 The product from Example 2(a) was converted into the 

16 title compound using a procedxire analogous to that 

17 described in Example 1(b). The title compound was 
»8 obtained as a colourless foam; v m^x (CHCI3) 1725 

>9 cm""l; mass spectrum 940,5547 (C48H80N2OI6 ^requires 

.0 940.5512). 

1 

.2 Example 3 
3 

4 ll-Q-[2-Hydroxyethoxymethyl]erythromycin A 9-methoxime 
5 

6 a) ll-Q-[2-Hydroxyethoxymethyl]-2 ' -O/N-dibenzyloxy- 

7 carbonyl-des-N-methyl erythromycin A 9-methoxime 
8 

9 The product from Example 2(a) (422 mg) in methanol (10 

0 ml) was treated with potassium carbonate (100 mg) and 

1 the mixture stirred at room temperature overnight. 

2 The solution was acidified using citric acid solution, 

3 toluene (80 ml) was added, and the mixture was stirred 

4 vigorously. The methanol was evaporated and the 

5 toluene solution washed with water (20 ml). After 

6 drying over anhydrous magnesium sulphate, the solvent 

7 was evaporated. Chromatography of the residue on 

8 silica gel using ethyl acetate/hexane as eluent gave 

9 the title product as. a colourless foam (348 mg); 

0 ^ max (CHCI3) 1725 and 1690 cm"^; mass spectrum FAB-MS 

1 MH+ 1091 (C56H87N2O19) . 
2 

3 b) 11-0- [2-Hydroxyethoxymethyl] erythromycin A 9- 

4 methoxime 
5 

6 The product from Example 3(a) was converted into the 

7 title compound using a procedure analogous to that 
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02 described in Example 1(b). The title compound was 

03 obtained as a colourless foam; v ^ax (CHCI3) 3400 and 

04 1720 cm-1; mass spectrum M+ 836.5235 (C41H76N2O15 

05 requires M 836.5249). 
06 

07 Example 4 
08 

09 11-0" [ 2-Metlianesulphonyloxvethoxvmethyl ] erythromycin A 

10 9-methoxime 
11 

12 a) ll-0-C2-Methanesulphonyloxyethoxymethyl]-2 ' -0,N- 

13 dibenzyloxycarbonyl-des-N-methylerythromycin A 

14 9-methoxime 
15 

16 The product from Example 3(a) (700 mg) in dry pyridine 

17 (5 ml) was treated with methanesulphonyl chloride 

18 (0.053 ml) at 0-5°C and the mixture subsequently 

19 stirred at room temperature overnight • Pyridine was 

20 evaporated and the residue partitioned between ethyl 

21 acetate and water. The organic solution was washed 

22 with citric acid solution, saturated aqueous sodium 

23 bicarbonate, and finally brine. After drying over 

24 anhydrous magnesium sulphate, the solvent was 

25 evaporated. Chromatography on silica gel using ethyl 

26 acetate/hexane as eluent gave the title compound as a 

27 colourless foam (429 mg); [aDo^O -98. 4^ (1.0% wt/vol 

28 in CHCI3) V max (CHCI3) 1730 and 1695 cm"^; mass 

29 spectriam FAB -MS MH+ 1169 (C57H89N2O20S) • 
30 

31 b) ll-0-[2-Methanesulphonyloxyethoxvmethyl] 

32 erythromycin A 9-methoxime 
33 

34 The product from Example 4(a) was converted into the 

35 title compound using a procedure analogous to that 

36 described in Example 1(b). The title compound was 

37 obtained as a colourless foam? Ca]i520 -79.50 (1.0% 
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2 wt/vol in CHCI3); V max (CHCI3) 1725 cm""l; mass 

3 spectrum FAB-MS MH+ 915 (C42H79N2O17S ) . 
4 

5 Example 5 
6 

7 ll-O-Ethoxyme-bhylerybhromycin A 9-met.hoxime 
8 

9 a) ll-O-Ethoxymethyl-2 ' -O /N-dibenzyloxycarbonyl- 

0 des-N-methylerythromycin A 9-met.hoxime 

1 

2 2 * -0 , N-Dibenzyloxycarbonyl-des-N-methylerythromycin 

3 A 9-methoxime (200 mg) in dry dimethylf ormamide (3 ml) 

4 was treated with 2,6-lutidine (0.18 ml), chloromethyl 

5 ethyl ether (0.06 ml) and the mixture stirred at room 

6 temperature for 2 h. Employing the same work-up 

7 procedure described in Example 1(a) the title compound 

8 was obtained as a colourless gum (195 mg); Ca]D^^ 

9 -83.30 (1.0% wt/vol in CHCI3), V max {CHCI3) 1730 and 

0 1695 cm"^; mass spectrum M"^ 1074.590 (C56H35N2O13 

1 requires M 1074.5880). 
2 

3 b) 11-O-Ethoxymethylerythromycin A 9-methoxime 
4 

5 The product from Example 5(a) was converted into the 

6 title compound by a procedure analogous to that 

7 described in Example 1(b). The title compound was 

8 thus obtained as a colourless foam; Ca]D20 -93.90 

9 (1.0% wt/vol in CHCI3); V max (CHCI3) 1725 cm"! ; mass 
3 spectrum M+ 820.5307 {C41H76N2O14 requires M 820.5300). 
1 
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02 Example 6 
03 

04 11 -O- C2 -Tr ime-bhy Is ily lo xyet.hoxyme1:hy 1 3 -erybhromycin A 

05 9-nietliQxime 
06 

07 a) 1 1-0- C 2-T rimethy 1 s ily loxyethoxymethy 1 ] -2 ' -O ^ N- 

08 dibenzyloxycarbonyl-des-N-me-fchylerythromycin A 

09 9-methoxime 
10 

11 2 '-O^N-Dibenzyloxycarbonyl-des-N-^etliylerythromycin A 

12 9-niet:lioxiiae (200 mg) in dry dimethyl formamide (4 ml) 

13 was treated with 2,6-lutidine (0.12 ml) and 

14 2 '-trimethylsilyloxyethoxymethyl chloride (0.12 ml) and 

15 the mixture stirred at room temperature for 2 h. 

16 Employing the same work-up procedure as described in 

17 Example 1(a) the title compound was obtained as a 

18 colourless foam (158 mg); v ^ax (CHCI3) 1725 and 1690 

19 cm"l; mass spectriam FAB-MS MH"*" 1147 (C59H95N20]_8Si) . 
20 

21 b) II-O-L2 ' -Trimethylsilyloxyethoxyroethyl] 

22 erythromycin A 9-methoxime 
23 

24 The product from Example 6(a) was converted into the 

25 title compound using a procedure analogous to that 

26 described in Example 1(b) • The title compound was 

27 obtained as a colourless foam; [a]j)20 -81, 3^ (1.0% 

28 wt/vol in CHCI3); v ^ax (CHCI3) 1730 cm-^ ; mass 

29 spectrum M+ 892.5700 (C44H84N20i4Si requires M 

30 892.5696). 
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32 Example 7 

33 

34 ll-0*[2-Met.hoxye-thoxyinethyl]erytliromycin A 9-methoxime 
35 

36 a) llHD-[2-Methoxyethoxymethyl]->2 ' -O^N-dibenzyloxy- 

37 carbonyl-des-N-me-thylerythromyin A 9-metlioxime 
38 

39 2 •-0-N-Dibenzyloxycarbonyl-des-N-methylerythromycin A 

10 9-niethoxirae (300 mg) in dry dimethyl formamide (4 ml) 

11 was treated with lutidine (0.18 ml) and 2'-methoxy- 

L2 ethoxymethyl chloride (0.11 ml) and the mixture stirred 

L3 at room temperature overnight. Using the same work-up 

L4 procedure as described in Example 1(a) the crude 

L5 product was obtained. Chromatography on silica gel 

L6 using ethyl acetate/hexane (2:1) as eluent gave the 

L7 title compound as a colourless foeon (178 mg); ^> max 

L8 (CHCI3) 1720 and 1690 cm-^ . 
19 

10 b) 11 -O-C 2 -Methoxyethoxymethyl] erythromycin A 9- 

21 methyloxime 

12 

23 The product from Example 7(a) was converted into the 

M title compound using a procedure analogous to that 

25 described in Example 1(b). The title compound was 

20 thus obtained as a colourless foam; [alo^O -98.90 

J7 (1.0% wt/vol in CHCI3) 1720 cm"l; mass spectrum M+ 

28 850.5434 (C42H78N2O15 requires M, 850.5406). 



9 
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02 Example 8 
03 

04 11 --O- [2 -Benzoyloxye-thoxymethyl] erythromycin A 9-oxime 
05 

06 a) ll-0-C2-Ben2oyloxye'bhoxymethyl]-2 ' -O ,N- 

07 dibenzyloxy-carbonyl-des-N-methylerythromycin 

08 A 9-benzyloxycarbonyloxime 
09 

10 2 ' -Or N-dibenzyloxycarbonyl-des-N-methylerythromycin 

11 A 9-benzyloxycarbonyloxime (3.24 g) in dry dimethyl- 

12 formamide (20 ml) was treated with 2,6-lutidine (1.75 

13 ml) and l-ben2yloxY-2-chloromethoxyethylene (1.93 ml) 

14 and the mixture stirred at room temperature for 24 h. 

15 The solution was diluted with ethyl acetate (150 ml) 

16 and the organic solution washed successively with 

17 water, citric acid solution, aqueous sodium bicarbonate 

18 solution, and finally brine. After drying over 

19 anhydrous magnesium sulphate, the solvent was 

20 evaporated. Chromatography of the residue on silica 

21 gel using ethyl acet at e/dichlorome thane (1:2) as eluent 

22 gave the title product as a, colourless foam (3.56 g); 

23 y) max (CHCI3) 1720 cm"^. 
24 

25 b) ll-0-C2-Benzoyloxyethoxymethyl] erythrcHaycin A 

26 9-oxime 
27 

28 The product from Example 8 (a) (200 mg) in ethanol (12 

29 ml) containing acetate buffer (1 ml; pH 4.8) was shaken 

30 with 10% Pd/C (70 mg) under 1 atmosphere of hydrogen 

31 for % h. 37% Formaldehyde (1 ml) was added and the 

32 hydrogenation continued for a further 1^ h. The 

33 catalyst was filtered off and the filtrate washed with 

34 ethanol. Evaporation gave a colourless oil. The 

35 residue was taken up in water (15 ml) and the solution 

36 brought to pH 11 with potassium carbonate* The 

37 aqueous solution was extracted with ethyl acetate (2 x 
38 
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30 ml) and the extracts washed with water. After 
drying over anhydrous magnesium sulphate, the solvent 
was evaporated to give the title compound as a 
colourless foam (166 mg); v j^^x (CHCI3) 1720 cra*^. 

Example 9 

ll-O-MethoxymethylerythrCTiycin A 9-oxime 

a) ll-0~Methoxvmethyl-2 ' -O /N-dibenzyloxycarbonyl-des 
-N methylerythromycin A 9-benzyloxycarbonyloxime 

2 • -O ,N-dibenzyloxycarbonyl-N-des-methylerythromycin 
A 9-benzyloxycarbonyloxime (454 mg) in dry 
dimethyl forraamide (3 ml) was treated with 2,6-lutidine 
(0.24 ml) and chloromethyl methyl ether (0.1 ml) and 
the mixture stirred at room temperature for 2 h . 
Employing the same work-up procedure as described in 
Example 8(a), the title compound was obtained as a 
colourless foam (212 mg); v ^^^^ (CHCI3) 1730 and 1685 
cm"^. 

b) 11-0-Methoxymethylerythromycin A 9-oxime 

The product fom Example 9(a) (212 mg) was converted 
into the title compound using a procedure analogous to 
that described in Example 8(b). The title compound 
was thus obtained as a colourless foam; Ca3£)20 -67. 2^ 
(1.0% wt/vol in CHCI3); V max (CHCI3) 1720 era"! . 

Example 10 

11-0-Ethoxymethylerythromycin A 9-oxime 



a) 11 HD-Ethoxymethyl-2 ' -0 , N-dibenzyloxycarbonyl-des 
-N-methylerythromycin A 9-benzyloxycarbonyloxime 
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02 2 ' -O , N-dibenzyloxycarbonyl-des-N-methylerythroiuycin A 

03 9-benzyloxycarbonyloxime (668 mg) in dry dimethyl- 

04 formamide (4 ml) was treated witli 2,6-lutidine (0.28 

05 ml) and chloromethyl ethyl ether (0,14 ml) and the 

06 mixture stirred at room temperature for 2 h. Using 

07 the work- up procedure described in Example 8(a), the 

08 title compound was obtained as a colourless foam (452 

09 mg); V niax (CHCI3) 1725 and 1690 cm-1. 
10 

11 b) 11K)-Ethoxymethylerythromycin A 9-oxime 
12 

13 The product from Exeimple 10(a) was converted into the 

14 title compound using a procedure analogous to that 

15 described in Example 8(b). The title compound was 

16 thus obtained as a colourless foatm; [alQ^^ -78.7^ (1% 

17 wt/vol in EtOH); v ^^x {CHCI3) 1720 cm"^. 
18 

19 Example 11 
20 

21 ll-0-C2-Methoxyethoxymethyl]erythromycin A 9-oxime 
22 

23 a) ll-0-C2-Methoxyethoxymethyl]-2 ' -O ,N-dibenzylQxy- 

24 carbonyl-des-N-methylerythromycin A 9-ben2yl- 

25 oxycaxbonyloxime 
26 

27 2 '-O ,N-dibenzyloxycarbonyl-des-N-methylerythromycin A 

28 9-benzyloxycarbonyloxime (668 mg) in dry dimethyl- 

29 formamide (3 ml) was treated with 2,6-lutidine (0.29 

30 ml) and methoxyethoxymethyl chloride (0.20 ml) and the 

31 mixture stirred at room temperature for 18 h. Using 

32 the work-up procedure described in Example 8 (a), the 

33 title compound was obtained as a colourless foam (502 

34 mg); v n^ax (CHCI3) 1730 and 1695 cm"^. 
35 
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2 b) 11 -0-[ 2 -methoxyethoxyinethyl] erythromycin A 9-oxime 
3 

4 The product from Example 11(a) was converted into the 

5 title compound by a procedure analogous to that 

6 described in Example 8(b). The title compound was 

7 thus obtained as a colourless foam; Ca]j)20 -74^ q*^ (1% 

8 wt/vol in EtOH); v ^lax (CHCI3) 1720 cm"l; 
9 

0 Example 12 
1 

2 ll-o-[2-Hydroxyethoxymethyl]erythromycin A 9-oxime 
3 

4 a) ll-0-[2-Hydroxyethoxymethyl]-2 ' -O ^N-dibenzyloxy 

5 cartoonyl-des-N-methylerythromycin A 9-oxime 
6 

7 The product from Example 8(a) (6 g) in methanol (120 

8 ml) was treated with potassium carbonate (1 g) and the 

9 mixturestirred at room temperature overnight. Toluene 

0 (300 ml) was added and the mixture acidified with 

1 citric acid. The methanol was evaporated and the 

2 remaining organic solution washed with water. After 

3 drying over anhydrous magnesium sulphate, the solvent 

4 was evaporated and the residue chromatographed on 

5 silica gel using ethyl acetate as eluent to give the 

6 title compound as a colourless foam (3.64 g); v max 

7 (CHCI3) 1725 and 1690 cm"! . 
8 

5 b) ll-0-[2-Hydroxyethoxvmethyl]erythromycin A 9'-oxime 
0 

L The product from Example 12(a) was converted into the 

2 title compound using a procedure analogous to that 

3 described in Example 8(b). The title compound was 

4 thus obtained as a colourless foam; [aJo^O -93. 2^ 

5 (1.0% wt/vol in CHCI3); \) niax (CHCI3) 3400 and 1725 

5 cm-l; mass spectrum M+ 822.5102 (C40H74N2O15 requires 

7 . M 822.5093). 

3 
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02 Example 13 
03 

04 11 -O- C2 -N , N-dimethylaminoe-thoxyxae-bhyl 3 erythromycin- A 

05 9*oxime 
06 

07 a) ll-0-[l2-HydrQxyethoxymet.hyl3-2 ' -O ^N-dibenzyloxy- 

08 carbonyl-des-N-methylerythromycin A 9-acei:oxime 
09 

10 The product from Example 12(a) (212 mg) in pyridine (3 

11 ml) was treated with acetic anhydride (0.05 ml) and the 

12 mixture stirred at room temperature for 1 h. Pyridine 

13 was evaporated and the residue dissolved in ethyl- 

14 acetate. The organic solution was washed with citric 

15 acid solution and water. After drying over anhydrous 

16 magnesium sulphate the solvent was evaporated. 

17 Chromatography on silia gel using ethyl acetate as 

18 eluent gave the title compound as a colourless foam 

19 (165 mg); Lalo^O -104. 2^ (1.0% wt/vol in EtOH); 

20 V max (CHCI3) 3450, 1740 and 1690 cm""!. 
21 

22 b) ll-0-[2-Azidoethoxymethyl]-2 ' -0,N-dibenzyloxy- 

23 carbonyl-des"N-methylerythromycin A 9-acetoxime 
24 

25 li-0-C2-Hydroxyethoxymethyl]-2 * -0,N-dibenzyloxy- 

26 carbonyl-des-N-methylerythroraycin A 9-acetoxirae 

27 (1,16 g) in tetrahydrof uran (20 ml) was treated with 

28 hydrazoic acid (1.8 ml; 1.76 M in toluene) and 

29 triphenylphosphine (0.79 g) and the mixture cooled to 0 

30 - 5^C, Di-isopropylazidodicarboxylate (0.61 g) was 

31 added in one portion and the mixture stirred at room 

32 temperature for 1 h. Excess ethyl acetate was added 

33 and the organic solution washed with water (x3), 

34 saturated aqueous sodium bicarbonate and brine. After 
35 
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drying over anhydrous magnesium sulphate, the solvent 
was evaporated to give a pale yellow gum. 
Chromatography on silca gel using ethyl acetate/hexane 
as eluent gave the title compound as a colourless foam 
(1.08 g); [alD^O -83. 2^ (1.0% wt/vol in CHCI3); v 
max (CHCI3) 2100, 1740 and 1685 cm'-i . 

c) ll'-0-[2-Azidoethoxymethyl ]-2 ' -0 ,N-dibenzyloxy- 
carbonyl-des-N-methylerythromycin A 9-oxime 

The product from Example 13(b) (870 mg) in methanol (25 
ml) was treated with water (3 ml) and triethylamine 
(1.25 ml) and the mixture heated at reflux for 2 h. 
After cooling, the solvent was evaporated and the 
residue taken up in ethyl acetate (65 ml). The 
organic extract was washed with water and brine, and 
dried over anhydrous magnesium sulphate. Evaporation 
of the solvent and chromatography of the residue on 
silica gel using ethyl acetate/hexane (1:1) as eluent 
gave the title compound as a colourless foam (723 mg); 
^ max (CHCI3) 1725 and 1685 cm"! . 

d) ll-0-[2-N,N'-dimethylaminoethoxymethyl] 
erythromycin A 9-oxime 

The product from Example 13(c) was converted into the 
title compound by a procedure analogous to that 
described in Example 8 (b) • The title compoxind was 
obtained as a colourless foam; [alo^O -52. 4° (1% 
wt/vol in EtOH]; v j^ax (CHCI3) 1720 cm-1. 
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02 Example 14 
03 

04 11 -0 - [2 - ( 4-Met.hoxycarbQnyl-l ,2,3 -tr iazol-1 -yl ) - 

05 ethoxymethylDerytlircgaycin A 9-oxime 
06 

07 a) Il-O- [ 2- ( 4-Me-blioxycarbonyl-l , 2 , S-triazol-l-yl ) 

08 ethoxymethyl ]-2 ' -O >N-dibenzyloxycarboiiyl-des 

09 -N-me-bhyl- erythromycin A 9-*oxime 
10 

11 The product from Example 13(c) (470 mg) in dry toluene 

12 (10 ml) was treated with methyl propiolate (0*1 ml) and 

13 the mixture stirred at 45^0 overnight. The reaction 

14 mixture was concentrated and chrcxnatographed on silica 

15 gel using ethyl acetate/hexane as eluent to give the 

16 title compound as a colourless foam (280 mg); [alo^^ 

17 -81. 50 (1% wt/vol in EtOH); v m^x (CHCI3) 1720 cm-1 . 
18 

19 b) ll-'0-[2-(4-Methoxycarbonyl-l ,2 ,3-triazol-l-yl)- 

20 ethoxymethyl] erythromycin A 9-oxime 
21 

22 

23 The product from Example 14(a) was converted into the 

24 title compound using a procedure analogous to that 

25 described in Example 1(b). The title ccxnpound was 
■26 thus obtained as a colourless foam? Calo^^ -80. 8^ 
27 (1.0% wt/vol in CHCI3); v max (CHCI3) 1720 cm-^-. 
28 

29 Example 15 
30 

31 ll-0-C2-Acetoxyethoxymethyl]erythromycin A 9-oxime 
32 

33 a) ll-0-C2-Acetoxyethoxymethyl]-2 ' -0,N- 

34 dibenzyloxycarbonyl-des-N-methylerythromycin A 

35 9-acetoxime 
36 

37 The product from Example 12(a) (3.64 g) in pyridine (20 

38 ml) was cooled to 0 - 5^Q and acetic anhydride (0.8 ml; 



0 201 166 

- 55 - 

2 equivalents) added and the mixture stirred at room 
temperature for 1 h. Pyridine was evaporated and the 
residue dissolved in ethyl acetate (150 ml). The 
organic solution was washed with citric acid solution, 
water and brine. After drying over anhydrous 
magnesium sulphate, the solvent was evaporated. 
Chromatography on silica gel using ethyl acetate as 
eluent gave the title compound as a colourless foam 
(954 mg); v max (CHCI3) 3500, 1730 and 1695 cm-1; 
and a colourless foam (1.5 g) which was identical with 
the product from Example 13(a). 

b) ll-0-[2-Acetoxyethoxymethyl3-2 '-0,N- 
dibenzyloxycarbonyl-des-N-methylerythromycin A 
9-oxime 

The title compound from Example 15(a) (900 mg) in 
methanol (10 ml) was treated with potassium carbonate 
(140 mg) and the mixture stirred at room temperature 
overnight. The methanol was evaporated and the 
residue taken up in ethyl acetate. The organic 
solution was washed with water and the solution dried 
over anhydrous magnesium sulphate. Evaporation of the 
solvent and chromatography on silica gel using ethyl 
acetate/hexane (1:1) as eluent gave the title product 
as a crisp foam (400 mg); Ca]£)20 -100.2O (1.0% 
wt/vol in CHCI3); N> j^iax (CHCI3) 3500, 1735 and 1695 
cm"i. 

c) 1 1-0- C2-Acetoxyethoxvmethyl] erythromycin A 9-oxime 

The product from Example 15(b) was converted into the 
title compound by a procedure analogous to that 
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02 described in Example 1(b). The title compound was 

03 thus obtained as a colourless foam; [a]j)20 -76.2^ (1% 

04 wt/vol in EtOH); v ^lax (CHCI3) 3450, 1730 arad 1695 

05 cia~^. 
06 

07 Example 16 
08 

09 11-0- [ 2--Dimethylaminoetli02cvmethyl]"erythropiycin A 

10 9-methoxime 
11 

12 a) ll-0-C2-Azidoethoxymethyl]-2 ' HD,N-dibenzyloxy- 

13 carbonyl-des-N-methylerythromycin A 9-methoxime 
14 

15 11- (2 -Hydro xyethoxyme thy 1 ) -2 * -O, N-dibenzyloxycarbony 1- 

16 des-N-methylerythromycin A 9-methoxime (200 mg), 

17 triphenylphosphine (104 mg) and hydrazoic acid (1.76 M 

18 solution in toluene) (344 jil) were dissolved in dry 

19 tetrahydrofuran (10 ml). Di-isopropylazodicarboxylate 

20 (80 mg) was added and the mixture stirred for 2 hours 

21 at ambient temperature. The mixture was diluted with 

22 ethyl acetate (50 ml) and washed with water (3 x 20 

23 Tal) , saturated aqueous NaHC03 solution (20 ml), cind 

24 finally brine (20 ml). The organic layer was dried 

25 (MgSO^) and the solvent removed to give an oil which 

26 was cliromatographed to give the title compound as a 

27 colourless foam (145 mg); v jq^x (CHCI3) 3545, 2110, 

28 1740 and 1697 cm"l; MH+ 1115 m/z (positive ion, 

29 thioglycerol, fast atom bombardment spectrum) • 
30 

31 b) 11 -O- [ 2 -D ime thylaminoethoxymethy 1 ] erythromycin 

32 A 9-methoxime 
33 

34 The product from Example 16(a) was converted into the 

35 title compound using a procedure analogous to that 

36 described in Example 1(b). The title compound was 
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2 obtained as a colourless foam; Ca]D^^ -69.5^ (1.0% 

3 wt/vol in CHCI3); V max (CHCI3) 3500 (br) and 1732 

4 cm"l . 
5 

6 Example 17 
7 

8 ll'-O-CN-Methyl-N-fomylaininome'bhyl] erythromycin A 

9 9-oxime 
0 

1 a) 11 -O- (N-Methyl-N-f ormylaminomethyl ) -2 ' -O , N- 

2 dibenzyl-oxycarbonyl-des-N-methylerythromycin 

3 A 9-benzylQxycarbonyloxime 
4 

5 The product from Preparation 2 (568 mg, 0.5 mmol) and 

6 2,6-lutidine (292 \xl, 2.5 mmol) were dissolved in dry 

7 dimethyl formamide (5 ml) and N-methyl-N-formyl- 

8 aminomethyl chloride (160 pi, ca. 1.5 mmol) was added. 

9 The mixture was stirred at room temperature for 90 

0 minutes / the solvent removed in vacuo ^ and the residue 

1 partitioned between ethyl acetate and sodium 

2 bicarbonate solution. The organic layer was washed 

3 with brine and dried over MgS04. Solvent removal 

4 gave the crude material which was chromatographed on 

5 silca gel (5 g) using 60% ethyl acetate/hexane as 

6 eluant to give the title compound pure (310 mg; 52%) 

7 as a colourless foam; v j^ax (CHCI3) 3550, 1740, 1680, 

8 700 cm"^. 
9 

0 b) 1 1-0- [N-Methyl-N-formylaminomethyl] erythromycin A 

1 9"Oxime 
2 

3 The product from Example 17(a) (430 mg, 0.35 mmol) was 

4 dissolved in a mixture of ethanol (20 ml) and acetate 

5 buffer (pH 4.8; 2 ml) and the solution shaken with 10% 



0 2011 1(S® 

01 - 58 - 

02 palladium on charcoal (100 mg) under 1 atmosphere of 

03 hydrogen for 45 min. Formaldehyde (2 ml) was added 

04 2Uid the hydrogenation continued for a further 2 h. 

05 The catalyst was removed by filtration and washed with 

06 ethanol. The solvent was removed in vacuo and the 

07 residue dissolved in aqueous potassium carbonate and 

08 extracted with ethyl acetate (3 x 50 ml) . The organic 

09 layer was washed with brine, separated, and dried over 

10 MgS04. Solvent removal gave the crude material which 

11 was purified by column chromatography (5 g silica gel, 

12 10% methanol in dichloromethane with 1% cone, ammonia) 

13 to give the title compound as a. colourless foam {80 

14 mg; 27%); La2j^20 -76,60 (1% wt/vol in CHCI3); v max 

15 {CHCI3) 3350, 1720, 1675 cm^l . 
16 

17 Example 18 
18 

19 ll-0-CPyrrolid-2-on-l"ylmethyl3erythroroycin A 9-oxime 
20 

21 a) 11-0- CPyrrolid-2 -on-1 -ylme thy 1 ] -2 ' H3 , N- 

22 dibenzyloxy-carbonyl-des-N-methyl- 

23 erythromycin A 9-benzyloxycarbonyloxime 
24 

25 The product from Preparation 2 (226 mg, 0.2 ramol) and 

26 2,6-lutidine (116 nl, 1.0 mmol) were dissolved in dry 

27 dimethyl formamide (5 ml) and 

28 N-chloromethyl-pyrrolid-2-one (80 ul# ca. 0.6 nsaol) was 

29 added. The mixture was stirred at room temperature 

30 for 2 h, the solvent removed in vacuo and the residue 

31 partitioned between ethyl acetate and sodium 

32 bicarbonate solution. The organic layer was washed 

33 with brine and dried over MgS04. Solvent removal gave 

34 the crude material which was chroma tographed on silica 

35 gel (5 g) using ethyl acetate as eluant to give the 

36 title compound pure (91 mg, 37%) as a colourless foam; 
Ca]jj20 -72.00 (1% wt/vol in CHCI3); v max (CHCI3) 

38 3520, 1740, 1690, 700 cm-1. 
39 
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12 b) 11 -0- CPyrrolid-2 -on-1 -ylmethyl ]-erythromycin A 

»3 9-oxime 

»4 

i5 The product from Example 18(a) (200 mg, 0.165 ramol) was 

)6 dissolved in a mixture of ethanol (10 ml) and acetate 

>7 buffer (pH 4.8, 1 ml) and the solution shaken with 10% 

\& palladium on charcoal (50 mg) under 1 atmosphere of 

»9 hydrogen for 2 h. Formaldehyde (1 ml) was added and 

.0 the hydrogenation continued for a further 3 h. The 

.1 catalyst was removed by filtration and washed with 

.2 ethanol. The solvent was removed in vacuo and the 

.3 residue dissolved in aqueous potassium 

.4 carbonate and extracted with ethyl acetate (3 x 20 

5 ml) . The organic layer was washed with brine, 

.6 separated and dried over MgS04. Solvent removal gave 

7 the crude material which was purified by column 

8 chromatography (5 g silica gel, 10% methanol/dichloro- 

9 methane with 1% cone, ammonia) to give the title 

0 compound as a colourless foam (125 mg; 93%)? [oId^^ 

1 -73.2^ (Cl.O; CHCI3), V j^ax (CHCI3) 3400, 1720, 1680 

2 cm"^ . 
3 
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02 Example 19 
03 

04 11 -O- (2 -Acetoxye-bhyloxymethyl) -erythromycin A 9-0- 

05 methoxime 
06 

07 a) 11-0" ( 2"Acetoxyethyloxyniethyl) -2 ' ,N-dibenzyloxy- 

08 carbonyl-des-N-methyleryfchromycin A 9-0-iaethoxiine 

09 11 -O- (2 -Hydroxyethyloxyraethyl ) -2 • -O, N-dibenzyloxy- 

10 carbonyl-des-N-metliylerytliromycin A 9-O-methoxime (300 

11 rag) in dry pyridine (3 ml) was treated with acetic 

12 anhydride CO. 056 ml) and the mixture stirred at rocHU 

13 temperature for 16 h. The mixture was evaporated to 

14 low volume, diluted with ethyl acetate (20 ml) and 

15 re-evaporated to give an oil. Chromatography of the 

16 residue on silica-gel using ethyl acetate-dichloro- 

17 methane (2:3) as eluent gave the title compound as a 

18 colourless foam (150 mg); CaJ^Oo -73. 4^ (1.0% wt/vol. 

19 in CHCI3) V j^ax, {CHCI3) 1735 and 1690 cm"!; mass 

20 spectrum FAB-MS 1133 (C58H99N2O20) • 
21 

22 

23 b) 11-0- ( 2-Acetoxyethyloxymethyl) -erythromycin A 9-0- 

24 methoxime 

25 The product from Example 19(a) (150 mg) was dissolved 

26 in a mixture of ethanol (10 ml) and acetate buffer (pH 

27 4.8? 1 ml) and the solution shaken with 10% palladiiam/ 

28 charcoal (30 mg) under 1 atmosphere of hydrogen for 1 

29 h. 37% Aqueous formaldehyde (1 ml) was added and the 

30 hydrogenation continued for a further 1^5 h. The 

31 catalyst was removed by filtration and washed with 

32 ethanol and water. The solvent was removed frcHU the 

33 filtrate under reduced pressure and the residue was 

34 diluted to about 10 ml with water. The solution was 

35 brought to pH 11 with potassium carbonate and extracted 
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with ethyl acetate (3 x 20 ml). The combined extracts 
were dried over anhydrous magnesium sulphate and 
evaporated to give the title compound as a colourless 
foam (70 mg); v j^^^. (CHCI3) 1730 cm-^; mass 
spectrum M+ 878.5361 (C43H78N2O16 requires M 878.5355). 

Example 20 

11-0- (2-Azidoethyloxvmethyl) -erythromycin A 9-0- 
methoxime 

11-0- ( 2 -Hydroxyethyloxymethyl) -erythromycin A 
9-O-methoxime (263 mg) in dry tetrahydrof uran (12 ml) 
was treated with triphenylphosphine (248 mg), hydrazoic 
acid {1.76M solution in toluene; 0.83 ml) and di-iso- 
propylazodicarboxylate (192 mg). The mixture was 
stirred at room temperature for 15 min. and then 
diluted with ethyl acetate (50 ml) and washed with 
saturated aqueous sodium bicarbonate solution (2 x 20 
ml) and brine (20 ml). The ethyl acetate solution was 
dried over anhydrous magnesium sulphate and evaporated 
to give a foam. Chromatography of the residue on 
silica- gel using methanol/chlorof orm/O . 880 ammonia 
solution (8:92:0.5) as eluent gave the title compound 
as a colourless foam (197 mg)? Ca]20D -81. 70 (1.0% 
wt/vol. in CHCI3); V max. (CHCI3) 2100, 1725 cm"!; 
mass spectrum M+ 861.5306 (C41H75N5O14 requires M 
861.5314). 

Example 21 

11-0- (2-Aminoethyloxvmethyl)- erythromycin A 9-O- 
methoxime 

The product from Example 20 (197 mg) was dissolved in a 
mixture of ethanol (10 ml) and acetate buffer (pH 4.8; 
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02 1 ml) and the solution shaken with 10% palladium/ 

03 charcoal (40 mg) under 1 atmosphere of hydrogen for 

04 1^5 h* The catalyst was removed by filtration and 

05 washed with ethanol and water. The solvent was removed 

06 from the filtrate under redued pressure and the residue 

07 was diluted to about 10 ml with water. The solution 

08 was brought to pH 11 with potassium carbonate and 

09 extracted with ethyl acetate (3 x 20 ml) . The 

10 combined extracts were dried over anhydrous magnesium 

11 sulphate and evaporated to give a foam, Chromtography 

12 of the residue on silca-gel using methanol/chloroform/ 

13 0.880 ammonia solution (15:85:0.5) as eluent gave the 

14 title compoxind as a colourless foam (85 mg); [al^Oo 

15 -74.30 (l.Q% wt/vol. in CHCI3); viaax. (CHCI3) 1720 

16 cm"^; mass spectrum FAB-MS IW^ 836 (C41H7QN3O2.4) . 
17 

18 

19 Example 22 
20 

21 1 1-0- ( 2- [ 4-Methoxycarbony 1-1- tr iazolyl 3 ethyloxymethyl ) - 

22 erythromycin A 9-Q-methQxime 

23 a) 11-0- ( 2-C 4-Methoxycarbony 1-1-tr iazolyl Jethyloxy- 

24 methyl ) -2 ' -O ^N-dibenzyloxycarbonyl-des-N-methyl- 

25 erythrcanycin A 9-0-methoxime 

26 ll-0-{2 -Azidoethyloxymethyl ) -2 • -O ^ N-dibenzy loxycar- 

27 bonyl-des-N-methyl-erythromycin A 9-O-methoxime (300 

28 mg) in dry toluene (6 ml) was treated with methyl 

29 propiolate (0.08 ml) and the mixture stirred at 550 for 

30 36 h. The mixture was evaporated to dryness to leave 

31 a white foam. Chromatography of the residue on 

32 silica-gel using ethyl acetate/hexane (2:1) as eluent 

33 gave the title compound as a colourless foam (231 mg); 

34 Lal^^D -80.3^ (1.0% wt/vol. in CHCI3); v j^ax. 

35 (CHCI3) 1730, 1695 cm-1; mass spectrum FAB-MS MH+ 1200 

36 (C60H903i^5O20) • 
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b) 11 -O- ( 2 - [4-Me thoxycarbony I-l -tr iazolyl ]ethy loxy- 

me-bhyl)-eryt.hromycin A 9-0-methoxime 
The product from Example 22(a) (231 mg) was converted 
into the title compound using a procedure analogous to 
that described in Example 19(b). The title compound 
was thus obtained as a colourless foam (152 mg); 
[a]20D -77.90 (1.0% wt/vol. in CHCI3); v max. 
(CHCI3) 1725 cm"l; mass spectrum M+ 945.5545 
{C45H79N5OI6 requires M 945.5525). 



Example 23 

11 -O- ( 2 - [N-Methyl-N- ( 2 -diazo-2 -ethyloxycarbonylethyl ) ] 
aminoethyloxymethyl) erythromycin A 9-0-methoxime 
a) ll-0-(2-C4-Ethyloxycarbonyl-4H-l-triazolinyl] 

ethyloxvmethyl)"2 ' -0 .N-dibenzyloxycarbonyl-des-N- 

methylerythromycin A 9-0-methoxime 
11 -O- ( 2 -Azidoethyloxymethyl ) -2 * -O, N-dibenzyloxy- 
carbonyl-des-N-methylerythromycin A 9-0-methoxime (300 
mg) in dry toluene (5 ml) was treated with freshly 
distilled ethyl acrylate (0.25 ml) and the mixture was 
stirred at SS^ for 3 days. The mixture was evaporated 
to dryness and the residue was chromatographed on 
silica-gel using ethyl acetate/hexane (1:1) as eluent 
to give the title compound as a colourless foam (233 
rag); Co]20d -77. 60 (1.0% wt/vol. in CHCI3); v max.. 
(CHCI3) 1730, 1685 cm"l; mass spectrum FAB-MS MH+ 1216 
(C6lH94N5O20J • 

^) 11-0- ( 2-[N-Methyl-N- ( 2-diazo-2-ethyloxycarbonyl 
ethyl ) 3 aminoethyloxymethyl ) erythromycin A 
9-0-methoxime 

The product from Example 23(a) (233 mg) was converted 
into the title compound using a procedure analogous to 
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02 tlvat described in Example 19(b). The title compound 

03 was thus obtained as a pale yellow foam (65 mg); 

04 Ca]20o ^68. 50 (1.0% wt/vol in CHCI3); n> j^ax. (CHCI3) 

05 2090, 1725, 1675 cm-1. 
06 

07 

08 Example 24 
09 

10 ll-0-(2-0xoetliyloxymethyl)-erythrQmycin A g-O-methoxime 

11 a) 11-0- (2-OxoethylQxymethyl ) -2 ' -Q ,N-dibenzyloxy- 

12 carbonyl-des-N-methylerythromycin A 9-0-methoxime 

13 11-0- (2-Hydroxyethyloxyraethyl) -2 ' -O, N-dibenzyloxy- 

14 carbonyl-des-N-methylerythromycin A 9-O-methoxime (120 

15 mg) in dry toluene (3 ml) was treated with dimethyl- 

16 sulphoxide (0.17 ml), l-ethyl-3- (3-dimethylamino- 

17 propyl )-carbodiimide hydrochloride (64 mg), pyridine 

18 (26 mg) and trif luoroacetic acid (6 mg) • The mixture 

19 was stirred at room temperature for 6 ti then diluted 

20 with ethyl acetate (50 ml) and washed with water (3 x 

21 20 ml) . The ethyl acetate layer was dried over 

22 anhydrous magnesium sulphate and evaporated to give an 

23 oil. Chromatography on silica-gel using ethyl 

24 acetate/hexane (4:1) as eluent gave the title compound 

25 (85 mg); v jj^^x. (CHCI3) 1730, 1690 cm-1; mass 

26 spectrum FAB-MS (M-H)+ 1087 (C56H83N2O19) . 
27 

28 b) 11-0- ( 2-0 xoethyloxymethyp-erythrcgpycin A 9-0- 

29 methoxime 

30 The product from Example 24(a) was converted into the 

31 title compound using a procedure analogous to that 

32 described in Example 19(b). The title compound was 

33 thus obtained as a colourless foam (136 rag); [a]20D 

34 -82.4^ (1.0% wt/vol. in CHCI3); v max. (CHCI3) 1725 

35 cm-1. 



Example 25 



- 65 - 
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ll-O-Allyloxymethyl-erythromycin A 9-Q-metliQxiine 
The product from Example 24(b) (73 mg) in dry tetra- 
hydrofurari (5 ml) was treated dropwise with a solution 
of methylene triphenylphosphorane in dry tetrahydro- 
furan until the yellow colour persisted. The mixture 
was stirred at room temperature for 2 min and then 
quenched with water (20 ml) and extracted with ethyl 
acetate (3 x 20 ml) • The combined extracts were 
washed with water (2 x 10 ml), brine (10 ml) and dried 
over anhydrous magnesium sulphate. Evaporation of the 
solvent gave an oil which was chromatographed on 
silica-gel using methanol/chloroform/0.880 ammonia 
(8/92/0.5) as eluent to give the title compound (19 
mg); [a]20D -57. 6^ (1.0% wt/vol. in CHCI3); v max. 
(CHCI3) 1720 cm"l; mass spectrum M+ 832.5287 
(C42H76N2O14 requires M 832.5300). 



Example 26 

11-0- (3 -Methoxvcarbonvl-l-propyloxymethyl ) -erythromycin 
A 9-0-methoxime 

a) 11 -O- ( 3-Methoxycarbonyl-l -prop-2-enyloxymethyl ) - 
2 ' -O /N-dibenzyloxycarbonyl-des-N-methvl- 
erythromycin A 9-O-methoxime 
The product from Example 24(a) (150 mg) in dry tetra- 
hydrofuran (5 ml) was treated with carbomethoxy- 
methylene triphenylphosphorane (350 mg) . The mixture 
was stirred at room temperature for 1 h and then 
evaporated to dryness. Chromatogrpahy on silica-gel 
using ethyl acetate/hexane (7:3) as eluent gave the 
title compound as a colourless foam (136 mg); CaJ^Oj) 
-88.5^ (1.0% wt/vol. in CHCI3); mass spectrum FAB-MS 
MH+ 1145 (C59H89N2O20) • 
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02 b) 11 -O- ( 3 -Metlioxycarbony 1-1 "propyloxymethyl ) - 

03 erythromycin A 9-0-met.lioxime 

04 The product from Example 26(a) (114 mg) was converted 

05 into the title compound using a procedure analogous to 

06 that described in Example 19(b). The title compound 

07 was thus obtained as a colourless foam (67 mg); [a]20D 

08 -76. 60 (1.0% wt/vol in CHCI3); v max. (CHCI3) 1725 

09 cm"l? mass spectrum M"*" 892.5517 (C44H80N2O16 requires 

10 M 892.5512) . 
11 

12 

13 Example 27 
14 

15 11-0- (2-N ,N-Diethylaminoethyloxymethyl ) -erythromycin A 

16 9-0-methoxime 

17 The product from Example 21 (57 mg) was dissolved in a 

18 mixture of ethanol (5 ml) and acetate buffer (pH 4.8; 

19 0.5 ml) and acetaldehyde (1 ml) was added. The 

20 solution was shaken with 10% palladium/ charcoal (30 mg) 

21 under 1 atmosphere of hyrogen for 1.75 h. The 

22 catalyst was removed by filtration and washed with 

23 ethanol and water. The solvent was removed from the 

24 filtrate under reduced pressure and the residue was 

25 diluted to about 10 ml with water. The solution was 

26 brought to pH 11 with potassium carbonate and extracted 

27 with ethyl acetate (3 x 20 ml) . The combined extracts 

28 were dried over anhydrous magnesium sulphate and 

29 evaporated to give the title compound as a white foam 

30 (35 mg); Co]20d -76. 3© (1.0% wt/vol in CHCI3); 

31 V j^ax. {CHCI3) 1720 cm"l; mass spectrum M+ 891.6000 

32 tC45H85N30i4 requires M 891.6036). 
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02 Example 28 
03 

04 11-0- (2 , 3-D ihydroxypropyloxyme thy 1) -erythromycin A 9- 

05 0-methoxime 

06 a) ll-O-Allyloxymethyl-2 ' -O ,N-dibenzyloxycarbonyl- 

07 de s-N-me thy 1 erythromycin A 9-O-inethoxime 

08 The product from Example 24(a) (452 rag) in dry tetra- 

09 hydrofuran (25 ml) was treated dropwise with a solution 

10 of methylene triphenylphosphorane in dry tetrahydro- 

11 furan until the yellow colour persisted. The mixture 

12 was stirred at room temperature for 5 rain, quenched 

13 with water (100 ml) and then extracted with ethyl 

14 acetate (3 x 100 ml). The combined extracts were 

15 dried over anhydrous magnesium sulphate and evaporated 

16 to give an oil. Chromatography on silica-gel using 

17 ethyl acetate/hexane (2:3) as eluent gave the title 

18 compound as a colourless foam (245 mg); ^^C NMR (CDCI3) 

19 6 ( inter alia ) 137.17, 116.21. 
20 

21 b) 11-0- ( 2 , 3-Dihydroxypropyloxymethyl ) -2 ' -O ,N- 

22 dibenzyloxycarbonyl-des-N-methylerythromycin A 

23 9-O-methoxime 

24 The product from Example 28(a) (162 rag) in diethyl 

25 ether (5 ml) was treated with osmium tetroxide (45 mg) 

26 and pyridine (2 ml) . The mixture was stirred at room 

27 temperature for 16 h and the solvent removed under 

28 reduced pressure. The brown residue was taken up in 

29 pyridine (5 ml) and treated with aqueous sodium 

30 hydrogen sulphite solution (45% wt/vol; 3 ml). The 

31 mixture was stirred vigorously for 2\ h and tetrahydro- 

32 furan (3 ml) added to make the solution homogeneous. 

33 The mixture was then diluted with ethyl acetate (50 

34 ml), washed with water (2 x 20 ml) and dried over 

35 anhydrous magnesium sulphate. Evaporation of the 
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02 solvent gave the title compound as a white foam (139 

03 mg); Lal^OD -78. 90 (1.0% wt/vol, in CHCI3); v max. 

04 (CHCI3) 1740, 1690 cm"^; mass spectrum FAB-MS MH+ 1121 

05 (C57H89N2O20) • 
06 

07 c) 11-0- ( 2 r 3-D ihydroxypropyloxymethyl ) - erythrcanycin A 

08 9-O-methoxime 

09 The product from Example 28(b) (139 mg) was converted 

10 into the title compound using a procedure analogous to 

11 that described in Example 19(b). The title compound 

12 was thus obtained as a colourless foam (53 mg); Can20D 

13 -82. 80 (1.0% wt/vol. in CHCI3)? » max. (CHCI3) 3440, 

14 1720 cm"l; mass spectrum M+ 866.5340 {C42H7aN20i6 

15 requires M 866.5355). 
16 

17 

18 Example 29 
19 

20 ll-O-Carboxymethyloxymethyl-erythromycin A 

21 methoxime 

22 a) ll-O-Carboxymethyloxymethyl-2 ' -O ,N*diben2yloxy- 

23 carbonyl-des-N-methylerythromycin A 9-O-methoxime 

24 The product from Example 24(a) (200 rag) in tetrahydro- 

25 furan (12 ml) was treated with sodium bicarbonate (17 

26 mg) in water (6 ml) and the solution was stirred with 

27 5% palladium/charcoal (300 mg) while oxygen was bubbled 

28 through for 2 h at 50^ and a further 1 h at room 

29 temperature. The catalyst was removed by filtration 

30 and washed with tetrahydrofuran and water. The 

31 filtrate was evaporated to low volume, diluted with 

32 water (10 ml) and acidified with citric acid. The 

33 solution was extracted with ethyl acetate (3 x 20 ml) 

34 and the combined extracts dried over anhydrous 

35 magnesium sulphate. Evaporation of the solvent gave 
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02 the title compound as a colourless foam (168 mg); 

03 [o320d -68.90 (1.0% wt/vol. in CHCI3); \> max. 

04 (CHCI3) 1735, 1685 cm-^; mass spectrum FAB-MS 

05 (M-H)+ 1103 (C56H83N2O20)- 
06 

07 b) ll-O-Carboxymethyloxymethyl-erythromycin A 9-0- 

08 methoxime 

09 The product from Example 29(a) (168 mg) was dissolved 

10 in a mixture of ethanol (10 ml) and acetate buffer (pH 

11 4.87 1 ml) and the solution shaken with 10% palladium/ 

12 charcoal (40 mg) under 1 atmosphere of hydrogen for 1 

13 h. 37% Aqueous formaldehyde (1 ml) was added and the 

14 hyiirogenation continued for a further l^s h. The 

15 catalyst was removed by filtration and washed with 

16 ethanol and water. The solvent was removed from the 

17 filtrate under reduced pressure and the residue was 

18 taken up in toluene (3 x 20 ml) and evaporated to 

19 dryness again. The residue was chromatographed on 

20 silanised silica-gel using methanol/phosphate buffer 

21 (pH 7.0) (3:2) as eluent. The title compound was 

22 obtained free of buffer by triturating the residue of 

23 the combined and evaporated column fractions with 

24 ethanol (3 x 10 ml), filtering and evaporating the 

25 filtrate. Thus the title compound was obtained as a 

26 colourless foam (78 mg); Zal^^D -64. 0<^ (1.0% wt/vol. 

27 in CHCI3). X, ^ax. (CHCI3) 1725, 1600 cm"! ; mass 

28 spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 

29 acetate) (M-H + 2Na)+ 895 (C4lH73N20l6Na2) • 
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02 Excunple 30 
03 

04 lI--0"-(3-Benzoyloxypropyloxyiaethyl)-eryt.liromycin A 

05 metlioxime 

06 a) 11-0- ( 3-Benzoyloxypropyloxymethyl ) -2 ' -O ,N-di" 

07 benzyloxycarbonyl-des-N-methylerythromycin A 9-0- 

08 lae-bhoxime 

09 2 " -O, N-Dibenzyloxycarbonyl-des-N-methylerythromycin A 

10 9-0-methoxime (3,19 g) in dry dimethyl formamide (24 ml) 

11 was treated with 2,6-lutidine (1.8 ml) and 3 -benzoyl- 

12 oxypropyloxymethyl chloride (2.15 g) . The mixture was 

13 stirred at room temperature for 16 h, diluted with 

14 ethyl acetate (100 ml), washed with water (3 x 50 ml) 

15 and dried over anhydrous magnesium sulphate. 

16 Evaporation of the solvent gave an oil v^ich was 

17 chromatographed on silica-gel using ethyl acetate/ 

18 dichloromethane (2:3) as eluent to give the title 

19 compound as a colourless foam (3.17 g)y Ca]20D -90.6^ 

20 (1.0% wt/vol. in CHCI3); v ^ax. (CHCI3) 1718 (broad); 

21 mass spectrum FAB-MS (3-nitrobenzyl alcohol matrix + 

22 sodium acetate) MNa+ 1231 (C64H92N202oNa) . 
23 

24 b) 11-0- ( 3-Benzoyloxypropyloxymethyl) -erythroTftycin A 

25 9 -O -me tho xime 

26 The product from Example 30(a) (250 mg) was converted 

27 into the title compound using a procedure analogous to 

28 that described in Example 19(b). The title compound 

29 was thus obtained as a colourless foam (143 mg); lIa]20D 

30 -75.50 (1.0% wt/vol. in CHCI3); V max. (CHCI3) 1710 

31 cm-l; mass spectrum M+ 954.5621 (C49H82N2O16 requires 

32 M 954.5664). 
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02 Example 31 
03 

04 11 "0-( 3 -Hydroxypropyloxymethyl) -erythromycin A 9-0- 

05 methoxime 

06 a) 11 -Q- ( 3 -Hydroxyipropyloxymethy 1 ) -2 ' -0 , N-dibenzyl- 

07 pxycarbonyl-des-N-methylerythromycin A 9-0- 

08 methoxime 

09 The product from Example 30(a) (2,83 g) in methanol 

10 (75 ml) was treated with potassium carbonate (164 mg) 

11 and the mixture stirred at room temperature for 16 h. 

12 The mixture was acidified with an aqueous solution of 

13 citric acid, diluted with toluene (100 ml) and 

14 evaporated to low volume. The residue was diluted to 

15 100 ml with toluene, washed with water (3 x 50 ml) then 

16 brine (50 ml), dried over anhydrous magnesium sulphate 

17 and evaporated to give an oil. Chromatography on 

18 silica-gel using ethyl acetate/dichloromethane (3:2) as 

19 eluent gave the title compound as a colourless foam 

20 (1.55 g); [aD^Oo -90. 3^ (1.0% wt/vol. in CHCI3); 

21 V jnax. (CHCI3) 1735, 1685 cm"l; mass spectrum FAB-MS 

22 (3-nitrobenzyl alcohol matrix + sodium acetate) MNa"^ 

23 1127 (C57Hs8N20i9Na) . 
24 

25 

26 b) 11-Q- (3-Hydroxypropyloxymethyl ) -erythromycin A 

27 9-O-methoxime 

28 The produt from Example 31(a) (250 mg) was converted 

29 into the title compound using a procedure analogous to 

30 that described in Example 19(b). The title compound 

31 was thus obtained as a colourless foam (180 mg); 

32 Ca]20D -84.4© (1.0% wt/vol. in CHCI3); v max. 

33 (CHCI3) 3500, 1720 cm~l; mass spectrum M"*" 850.5365 

34 (C42H78JN2O15 requires M 850.5401). 
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02 Exarople 32 
03 

04 IIK)- (3-Dime'thylaminQpropyloxyme1:hyl ) -erythromycin A 

05 9-0-nie-thoxime 

06 a) 11 -Q- ( S-Azidopropyloxymetliyl ) ~2 ' -O ^N-dibenzyloxy- 

07 carbonyl-des-H-methylerybhroanycin A 9-0-met3ioxime 

08 The product from Exeimple 31(a) (600 mg) in dry tetra- 

09 hydrofuran (30 ml) was treated with triphenylphosphine 

10 (624 mg), hydrazoic acid (1,76M solution in toluene; 

11 2.0 ml) and diisopropylazodicarboxylate (480 mg) . The 

12 mixture was stirred at room temperature for 15 min, 

13 diluted with ethyl acetate (150 ml) and washed with 

14 saturated aqueous sodium bicarbonate solution (50 ml) 

15 and brine (50 ml). The organic layer was dried over 

16 anhydrous magnesium sulphate and evaporated to give a 

17 foam. Chromatography on silica-gel using diethyl 

18 ether /hexeme (1:1) followed by ethyl acetate/hexane 

19 (2:1) as eluent gave the title compound as a colourless 

20 foam (552 mg); [al^Oo -92. 1^ (1.0% wt/vol. in CHCI3); 

21 V max. (CHCI3) 2100, 1730, 1690 cm"l; mass spectrum 

22 FAB-MS (3-nitrobenzyl alcohol matrix + sodium acetate) 

23 MNa+ 1152 (C57H87N50i8Na) . 
24 

25 b) 11-Q- (3-D imethylaminopropyloxymethyl)- erythromycin 

26 A 9-0-methoxime 

27 The product from Example 32(a) (552 mg) was dissolved 

28 in a mixture of ethanol (26 ml) and acetate buffer (pH 

29 4-8; 2.6 ml) and the solution shaken with 10% 

30 palladium/charcoal (132 mg) under 1 atmosphere of 

31 hydrogen for 1 h. 37% Aqueous formaldehyde (2 ml) was 

32 added and the hydrogenation continued for a further 

33 l^i h. The catalyst was removed by filtration and 

34 washed with ethanol and water. The solvent was removed 

35 from the filtrate under reduced pressure and the 
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02 residue was diluted with acetate buffer (10 ml) and 

03 washed with ethyl acetate (3 x 10 ml). The combined 

04 washings were discarded. The aqueous layer was 

05 brought to pH 11 with potassium carbonate and extracted 

06 with ethyl acetate (3 x 20 ml). The combined extracts 

07 were dried over anhydrous magnesium sulphate and 

08 evaporated to give the title compound as a colourless 

09 foam (259 mg); [a]20D -77.0O (1,0% wt.vol. in CHCI3 ) ; 

10 V max. (CHCI3) 1725 cm"l; mass spectrum M+ 877.5853 

11 (C44H83N3O14 requires M 877.5875). 
12 

13 

14 Example 3 3 
15 

16 11-0"- (3-AcetoxypropylQxyinethyl) -erythromycin A 9-0-" 

17 methoxime 
18 

19 a) 11-0- ( 3-Acetoxypropyloxymethyl ) -2 ' -O ,N-dibenzyl- 

20 oxycarbonyl-des-N-methylerythromycin A 9-0- 

21 methoxime 

22 The product from Example 31(a) (500 mg) in dry pyridine 

23 (5 ml) was treated with acetic anhydride (0.5 ml) and 

24 the mixture stirred at room temperature for 16 h. The 

25 mixture was diluted with water (20 ml) and extracted 

26 with ethyl acetate (3 x 50 ml). The combined extracts 

27 were dried over anhydrous magnesium sulphate and 

28 evaporated to give an oil. Chroraatogrpahy on silica- 

29 gel using ethyl acetate/dichloromethane (2:3) as eluent 

30 gave the title compound as a colourless foam (390 mg); 

31 [a]20D -85. 10 (1.0% wt.vol in CHCla); v ^ax. (CHCI3) 

32 1730, 1690 cm-1; mass spectrum FAB-MS (3-nitrobenzyl 

33 alcohol matrix + sodium acetate) MNa+ 1169 

34 (C59H9oN202oNa) . 



^1 
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02 b) 11 -Q- ( 3 ^-Acetoxypropy loxymethy 1 ) -erythromycin A 

03 9-O-met.lioxime 

04 The product from Example 33(a) (378 rag) was converted 

05 into the title compound using a procedure analogous to 

06 that described in Example 19(b). The title compound 

07 was thus obtained as a colourless foam (265 mg); 

08 Ca]20D -82. 40 (1.0% wt/vol in CHCI3); v max. {CHCI3) 

09 1725 cm-1; mass spectrvim M+ 892.5480 (C44H8ON2OI6 

10 requires M 892.5507). 
11 

12 

13 Example 34 
14 

15 11-0- (2 - ( Piper idin-1 -yl ) -ethyloxymethyl ) -erythromycin A 

16 9-O-methoxime 
17 

18 a) 11-0- (2-Bromoethyloxymethyl)-2 ' -O .N-dibenzyloxy- 

19 carbonyl-des-N-methylerythromycin A 9-O-methoxime 

20 2 '-OrN-Dibenzyloxycarbonyl-des-N-methylerythromycin A 

21 9-0-methoxime (700 mg) in dry dimethyl formamide (6 ml) 

22 was treated with 2r6-lutidine (0.8 ml) and 2-bromo- 

23 ethyloxymethyl chloride (0.875 ml). The mixture was 

24 stirred at room temperature for 6 h, diluted with ethyl 

25 acetate (50 ml) and washed with water (3 x 20 ml) . The 

26 solution was dried over anhydrous magnesium sulphate 

27 and evaporated to give an oil. Chromatography on 

28 silica-gel using ethyl acetate/dichloromethane (1:4) 

29 and then (3:7) as eluent gave the title compound as a 

30 colourless foam (565 mg); [a]20D -82. 4^ (1.0% 

31 wt/vol. in CHCI3); V max. (CHCI3) 1735, 1695 cm-^; 

32 mass spectrum FAB-MS (3-nitrobenzyl alcohol matrix + 

33 sodium acetate) MNa+ 1175 (C5eH85BrN20i8Na) . 
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02 b) 11 -O- ( 2 -P iperidin-1 -yl ) -ethy loxymethy 1 ) -2 ' -O, 

03 dibenzyloxycarbonyl-des-N-methylerythrOTiycin A 

04 9-Q-metlioxiine 

05 The product from Example 34(a) (300 mg) in dry 

06 dimethyl formamide (5 ml) was treated with piperidine 

07 (200 mg) and the mixture stirred at 65^ for 5 h. The 

08 mixture was diluted with water (50 ml) and extracted 

09 with ethyl acetate (3 x 50 ml)^ The combined extracts 

10 were dried over anhydrous magnesium sulphate and 

11 evaporated to give a foam. Chromatography on 

12 silica-gel using methanol/chloroform/0.880 ammonia 

13 (7:93:0.5) as eluent gave the title compound as a 

14 colourless foam (228 mg)? lal^^D -82. 1^ (c, 1.0% 

15 wt/vol. in CHCI3); V max. {CHCI3) 1735, 1690 cm"l; 

16 mass spectrum FAB-MS (3-nitrobenzyl alcohol + sodium 

17 acetate) MNa+ 1180 (CeiflgsNsOigNa) . 
18 

19 

20 c) 11 -O- ( 2 -P ipe r idin-1 -y 1 ) -ethy loxymethyl ) - 

21 erythromycin A 9-0-methoxime 

22 The product from Example 34(b) (214 mg) was converted 

23 into the title compound using a procedure analogous to 

24 that described in Example 19(b). The title compound 

25 was thus obtained as a colourless foam (121 mg); 

26 [a]20D -72,0O (1.0% wt/vol. in CHCI3); v max. 

27 (CHCI3) 1725 cm-l; mass spectrum FAB-MS MH+ 904 

28 (C46H86N3O14) • 
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02 Example 35 
03 

04 11-O-C (2-N-methyly2-N-ethylaminQ) ethoxymethyl]- 

05 erythromycin A 9-Q-methoxime 
06 

07 a) 11-0- ( 2-N-Et:hylaminoetliyloxymethyl ) -2 ' -O 

08 dibenzy loxycarbonyl-des -N-methy lerythromycin A 

09 9-0-me-bhQxime 

10 The product from Example 34(a) (250 mg) was dissolved - 

11 in ethylamine (2 ml) and the solution placed in a 

12 sealed tube. The mixture was heated to 650 for 4 h, 

13 then diluted with water (20 ml) and extracted with 

14 ethyl acetate (3 x 50 ml). The combined extracts were 

15 dried over anhydrous magnesium sulphate and evaporated 

16 to give a foam. Chromatography on silica-gel using 

17 methanol/chloroform/0.880 ammonia solution (8:92:0.5) 

18 as eluent gave the title compound as a colourless foam 

19 (175 mg); Cci]20d -85. 3^ (1.0% wt/vol. in CHCI3 ) ; 

20 V max. (CHCI3) 3450, 1735, 1660 (broad) cm-^; mass 

21 spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 

22 acetate) MNa+ 1140 (CsaHgiNaOisNa) . 
23 

24 b) 11-0- [ ( 2-N-methyl , 2-N-ethylamino) ethyloxymethyl ) - 

25 erythromycin A 9-0-methoxime 

26 The product from Example 35(a) (149 mg) was converted 

27 into the title compound by a procedure analogous to 

28 that described in Example 19 (b) . The title compound 

29 was obtained as a colourless foam (106 rag); [a]20D 

30 -73. 60 (1,0% wt/vol. in CHCI3); v max. (CHCI3) 1720 

31 cm-1; mass spectrum FAB-MS 878 (C44H84i^30i4 ) . 
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ll-0-(2-Phenyloxyethyloxyinethyl)-eryt.hromycin A 9h3- 

methoxiine 

a) ll"0-(2-Phenyloxyethyloxymethyl)-2'-0,N-dibenzyl- 
oxycarbonyl-des-N-methylerythromycin A 9-0- 
methoxime 

2 • -Or N-Dibenzyloxycarbonyl-des-N-methylerythromycin A 
9-0-methoxime (300 mg) in dry dimethyl formamide (3 ml) 
was treated with 2,6-lutidine (0.571 ml) and 
2-phenyloxyethyloxymethyl chloride (0.588 ml). The 
mixture was stirred at room temperature for 6 h, 
diluted with ethyl acetate (100 ml) and washed with 
water (3 x 20 ml). The ethyl acetate fraction was 
dried over anhydrous magnesium sulphate and evaporated 
to give a foam. Chromatography on silica-gel using 
ethyl acetate/dichloromethane (2:3) followed by repeat 
chromatography on silica-gel using ethyl acetate/hexane 
(1:1) as eluents gave the title compound as a colourles 
foam (128 mg); Ca]20D -83. 2° (1.0% wt/vol. in CHCI3); 
^ max. (CHCI3) 1740, 1688 cm*"^; mass spectrum FAB-MS 
(3-nitrobenzyl alcohol matrix + sodium acetate) t4Na'*' 
1189 (C62H9oN20i9Na). 

b) 11-0- ( 2-Phenyloxyethvloxvmethyl ) -erythromycin A 
9-O-methoxime 

The product from Example 36(a) (116 mg) was converted 
into the title compound by a procedure analogous to 
that described in Example 19(b). The title compound 
was obtained as a colourless foam (83 mg); [al^O 
-73.2<5 (1.0% wt/vol. in CHCL3); v ^ax. (CHCI3) 
1725 cm"^; mass spectrum FAB-MS MH"'' 913 (C47H81N2O15 ) . 



0 201 1®6 

01 - 78 - 

02 Example 37 
03 

04 11 -O- ( 2-N fgr-dimethylaminoe-thyloxymethyl ) -erythromycin A 

05 9-0-me-bhoxime 
06 

07 a) ll-O- ( 2-N ^N-dimethylaminoe-thyloxyme-thyl ) -2 ' -O 

08 dibenzyloxycarboiiyl-des-N-metliyleryt.hromycin A 

09 9-0-methoxime 

10 The product from Example 34(a) (256 mg) in dry 

11 dimethyl formamide (10 ml) was treated with excess 

12 dimethylamine gas for 10 min at room temperature and 

13 for 2 h at 60O. The mixture was diluted with water 

14 (50 ml) , brought to pH 11 with solid potassium 

15 carbonate and extracted with ethyl acetate (3 x 100 

16 ml) • The combined extracts were dried over anhydrous 

17 magnesium sulphate and evaporated to give a foam. 

18 Chromatography on silica-gel using methanol/ 

19 /chloroform/0.880 ammonia (8:92:0.5) as eluent gave the 

20 title compound as a colourless foam (176 rag); [a^^^D 

21 -81. 2<^ (1.0% wt/vol. in CHCla); v j^ax. (CHCI3) 1735 

22 (broad), 1685 cm"-^; mass spectrum FAB-MS (3-nitro- 

23 benzyl alcohol matrix + sodium acetate) MNa+ 1140 

24 (C58H9iN30i8Ma) . 
25 

26 b) 11 -O- ( 2 -N , N-dimethylaminoethyloxymethyl ) - 

27 erythrcmycin A 9-O-methoxime 

28 The product from Example 37(a) (160 mg) was dissolved 

29 in a mixture of ethanol (7 ml) afid acetate buffer (pH 

30 4.8? 0.7 ml) and the solution shaken with 10% 

31 palladium/ charcoal (40 rag) under 1 atmosphere of 

32 hydrogen for 1 h. 37% Aqueous formaldehyde (1 ml) was 

33 added and the hyrogenation continued for a further l^i 

34 h. The catalyst was removed by filtration and washed 

35 with ethanol and water. The filtrate was evaporated to 

36 low volume and the residue was taken up in acetate 
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02 buffer (pH 4.8; 5 ml) and washed with ethyl acetate 

03 (3 X 5 ml). The ethyl acetate washings were 

04 discarded, the aqueous solution was brought to pH 11 

05 with potassium carbonate and the solution extracted 

06 with ethyl acetate (3 x 20 ml). The combined extracts 

07 were dried over anhydrous magnesium sulphate and then 

08 evaporated to give the title compound as a colourless 

09 foam (110 mg). Recrystallisation of the product from 

10 ethyl acetate /hexane gave the title compound as a 

11 crystalline solid; [a]20D -69. 5° (1.0% wt/vol. in 

12 CHCI3); V max. (CHCI3) 3500 (broad), 1732 cm"!; 

13 m.p. 216-80C; (Found: C, 60.00%; H, 9.55%; N, 4.52%; 

14 C43H8IN3O14 requires C, 59.77%; H, 9.45% and N, 

15 4.86%); mass spectrum PAB-MS MH+ 864 (C43H82N3O14) . 
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02 Example 38 
03 

04 11 -O-CN-Me'bhyl'-N-acet.ylaniinome-bhyl 3 erythromycin A 

05 9-oxime 
06 

07 a) ll-0-CN-Metliyl"N-acetylaminomethyl]-2 ' -O ^N- 

08 dibenzyloxycarbonyl-des-N-me-bhyleirytliromycin A 

09 9-benzyloxycarbonyloxime 

10 The product from Preparation 2 (1.14 g, 1.0 itmol) and 

11 2,6-lutidine (0.59 ml, 5,0 ramol) were dissolved in dry 

12 dimethyl formamide (10 ml) and N-methyl-N-acetylaraino- 

13 methyl chloride (350 yil, ca. 3.0 ramol) was added. The 

14 mixture was stirred at room temperature for 90 minutes, 

15 the solvent removed in vacuo ,, and the residue 

16 partitioned between ethyl acetate and sodium 

17 bicarbonate solution. The organic layer was washed 

18 with brine and dried over MgS04. Solvent removal gave 

19 crude material (1.3 g) which was chroma tographed on 

20 silica gel (2 5 g, 60-70% ethyl acetate /hexane as 

21 eluent) to give the title compound (530 mg, 43%) as a 

22 colourless foam? Ca]2^D -79.3^ (1% wt/vol., CHCI3)? 

23 V xnax. (CHCI3) 3450, 1740, 1690, 1650, 690 cm""^ . 
24 

25 b) 11-0- [N-Methyl-N- acetyl aminomethyl ] - ery thrcmyc in A 

26 9-oxime 

27 The product from Example 38(a) (530 mg, 0.43 mmol) was 

28 dissolved in a mixture of ethanol (20 ml) and acetate 

29 buffer (pH 4.8; 2 ml) and the solution shaken with 10% 

30 palladium on charcoal (100 mg) under 1 atmosphere of 

31 hydrogen for 45 minutes. Formaldehyde (2 ml) was 

32 added and the hydrogenation continued for a further 
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02 2 h • The catalyst was removed by filtration cind washed 

03 with ethanol. The solvent was removed in vacuo and 

04 the residue dissolved in aqueous potassium carbonate 

05 and extracted with ethyl acetate (3 x 50 ml). The 

06 organic layer was washed with brine, separated and 

07 dried over MgS04. Solvent removal gave the title 

08 compound as a colourless foeun (320 mg; 89%); Zal^^D 

09 -70.20 {i%wt/vol., CHCI3); V max. (CHCI3), 3400, 

10 1725, 1640 cm"l; M"*" 833.5242 (C41H75N3O14 requires M 

11 833.5252) . 
12 

13 

14 Example 39 
15 

16 11 -O- (N-Methoxycarbonyl-N-methylaminomethyl ) - 

17 erythromycin A 9-oxime 

18 a) ll-0-[N-Methoxycarbonyl-*N-methylaminomethyl]'"2 ' 

19 O ,N-dibenzyloxycarbonyl-des-N-methylerythromycin A 

20 9-benzyloxycarbonyloxime 

21 The product from Preparation 2 (2.28 g, 2.0 mmol) and 

22 2,6-lutidine (1.18 ml, 10 mmol) were dissolved in dry 

23 dimethylformamide (20 ml) and N-methyl-N-methoxy- 

24 carbonylaminomethyl chloride (824 mgs, 6.0 mmol) was 

25 added. The mixture was stirred at room temperature for 

26 3 h, the solvent removed in vacuo , and the residue 

27 partitioned between ethyl acetate and sodium 

28 bicarbonate solution. The organic layer was washed 

29 with brine and dried over MgS04. Solvent removal gave 

30 the crude material which was chromatographed on silica 

31 gel using 70% ethyl acetate/hexane as eluent to give 

32 the title compound (1.03 g, 42%); v max. (CHCI3), 

33 3500, 1700, 690 cm-^; [aD^Oo -67 . 6^ (1% wt/vol., 

34 CHCI3). 
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02 b) ll-0-[N-met.hoxycarbonyl-N-roetJiylajtiinQniethyI]- 

03 erythromycin A 9-oxiine 

04 The product from Example 39(a) (1.03 g, 0.83 ramol) was 

05 dissolved in ethanol (20 ml) and acetate buffer (pH 

06 4.8, 2 ml) and the solution shaken with 10% paladium on 

07 charcoal (250 mg) under 1 atmosphere of hydrogen for 30 

08 minutes. Formaldehyde (2 ml) was added and the 

09 hydrogenation continued for a further 2 h. The 

10 catalyst was removed by filtration etnd washed with 

11 ethanol. The solvent was removed in vacuo and the 

12 residue dissolved in aqeuous potassium carbonate and 

13 extracted with ethyl acetate (3 x 50 ml). The organic 

14 layer was washed with brine, separated, and dried over 

15 MgS04* Solvent removal gave the crude material which 

16 was purified by column chromatography on silica (10% 

17 methanol in dichloromethane with 1% cone, ammonia) to 

18 give the title compound as a colourless foam (240 mgs, 

19 29%); lal^^D -60.7 (1% wt/vol., CHCI3 ) ; 3450, 1700 

20 cm"*^; mass spectrum M"^ 849.5206 (C4XH75N3O15 requires 

21 M 849.5202); (Found: C, 58.03%; H, 9.08%, N, 4.68%. 

22 C4iH75N30i5 requires C, 57.95%; H, 8.83%; N, 4.95%). 
23 

24 

25 Example 40 
26 

27 11-0- (N-Ethoxycarbonyl-N-methylamincanethyl ) erythromycin 

28 A 9-oxime 
29 

30 a) 11 (N-Ethoxycarbonyl-N-methylaminomethyl ) -2 ' - 

31 O ,N-dibenzyloxycarbonyl~des-N-methylerythrcgnycin A 

32 9-benzyloxycarbonyloxime 

33 The product from Preparation 2 (568 mg, 0.5 mmol) and 

34 2,6-lutidine (292 ul, 2.5 ramol) were dissolved in dry 
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02 dimethyl formamide (5 ml) and N-raethoxycarbonyl-N- 

03 methylaminomethyl chloride (228 mg), 1.5 ramol) was 

04 added. The mixture was stirred at room temperature 

05 for 2 h, the solvent removed in vacuo and the residue 

06 partitioned between ethyl acetate and sodium 

07 bicarbonate solution. The organic layer was washed 

08 with brine and dried over MgS04. Solvent removal gave 

09 the crude material. 
10 

11 b) ll-O-(N-Ethoxycarbonyl-N-methylaminomethyl)- 

12 erythromycin A 9-oxime 

13 The crude product from Example 40(a) was dissolved in a 

14 mixture of ethanol (20 ml) and acetate buffer (pH 4.8; 

15 2 ml) and the solution shaken with 10% palladixam on 

16 charcoal (200 mg) under 1 atmosphere of hydrogen for 30 

17 minutes. Formaldehyde (2 ml) was added and the 

18 hydrogenation continued for a further 1 h. The 

19 catalyst was removed by filtration and washed with 

20 ethanol. The solvent was removed in vacuo and the 

21 residue dissolved in aqueous potassium carbonate and 

22 extracted with ethyl acetate (3 x 50 ml). The organic 

23 layer was washed with brine, separated, and dried over 

24 MgS04. Solvent removal gave the crude material as an 

25 oil which was purified by column chromatography on 

26 silanised silica using 50% methanol in pH 7 phosphate 

27 buffer as eluent to give the title compound (71 mg, 

28 16%); Ca]20D -65. 1^ (1% wt/vol., CHCI3); v max. 
25 (CHCI3), 3400, 1720, 1690 cm-1; mass spectrum M+ 
30 863.5351 (C42H77N3O15 requires M 863.5358). 

31 
32 



Example 41 



- 84 - 
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11 -O- (N-Phenylsulphonyl-N-methylaminomethyl ) - 
erythrCTiycin A 9-oxime 

a) 11-0- (N-Phenylsulphonyl-N-methylarainQmethyl)"2 ' - 

O yN-dibenzyloxycarbonyl-des-N-methylerythromycin A 

9-beazyloxycarbonyloxime 
The product from Preparation 2 (568 rag, 0,5 imnol) and 
2,6-lutidine (292 \xl, 2.5 ramol) were dissolved in dry 
dimethyl formamide (5 ml) and N-methyl-N -phenyl- 
sulphonylaminomethyl chloride (329 mg, 1.5 mmol) was 
added. The mixture was stirred at room temperature 
overnight, the solvent removed in vacuo , and the 
residue partitioned between ethyl acetate and water. 
The organic layer was washed with brine and dried over 
magnesium sulphate. Solvent removal gave the crude 
material which was chromatographed on silica-gel using 
2-3% methanol in dichloromethane as eluent to give the 
title compound (183 mg, 28%)? [aJ^Oo -71.7° (i% 
wt/vol., CHCI3); V jnax. (CHCI3), 3500, 1740, 1690, 
1340, 1160, 690 cm-l. 

b) 11 -O- (N-Phenylsulphonyl-N-methylaminomethyl ) 
erythromycin A 9-oxime 

The product from Example 41(a) (179 mg, 0.14 ramol) was 
dissolved in a mixture of ethanol (20 ml) and acetate 
buffer (pH 4,8; 2 ml) and the solution shaken with 10% 
palladium on charcoal (60 mg) under 1 atmosphere of 
hydrogen for 45 minutes. Formaldehyde (2 ml) was 
added and the hydrogenation continued for a further 2 
h. The catalyst was removed by filtration and washed 
with ethanol. The solvent was removed in vacuo and the 
residue dissolved in aqueous potassium carbonate and 
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02 extracted with ethyl acetate. The organic layer was 

03 washed with brine, separated, and dried over MgS04. 

04 Solvent removal gave the title compound (90 mg, 69%); 

05 Ca]20D -68. lO (1% wt/vol., CHCI3), v max. CHCI3) 

06 3500, 1720, 1340, 1160 cm-^. 
07 

08 

09 Example 42 
10 

11 11-0- (N-Methanesulphonyl-N-methylaminomethyl ) - 

12 erythromycin A 9-oxime 
13 

14 a) 11-0- (N-Methanesulphonyl-N-methylaminomethyl ) -2 ' - 

15 O ,N"dibenzyloxycarbonyl-des-N-methyl erythromycin 

16 A 9-benzyloxycartoonyloxime 
17 

18 The product from Preparation 2 (1.14 g, 1.0 mraol) and 

19 2,6-lutidine (590 pi, 5.0 mmol) were dissolved in dry 

20 dimethyl- forraamide (10 ml) and N-methyl-N -methyl- 

21 sulphonylaminomethyl chloride (0.50 g, 3.0 mmol). The 

22 mixture was stirred at room temperature for 3 h, the 

23 solvent removed in vacuo , and the residue partitioned 

24 between ethyl acetate and water. The organic layer 

25 was washed with brine and dried over MgS04. Solvent 

26 removal gave the crude material (1.5 g) which was 

27 chromatographed on silica gel (50 g) using 3% methanol 

28 in dichloromethane as eluent to give the title compound 

29 (790 mg, 63%); Ca]20D -88. OO (1% wt/vol., CHCI3); v 

30 max* (CHCI3), 3500, 1740, 1690, 1330, 1165, 690 cm-1; 

31 mass spectrum (3-nitrobenzyl alcohol matrix + sodium 

32 acetate) MNa+ 1280 (C63H9iN302lNa) . 
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02 b) 11-0- (N-Methanesulphonyl-N-methylaminomethyl ) - 

03 erythromycin A 9-Qxijne 

04 The product from Example 42(a) (790 mgs, 0.63 ramol) was 

05 dissolved in a mixture of ethanol (50 ml) and acetate 

06 buffer (pH 4.8; 5 ml) cind the solution shaken with 10% 

07 palladium on charcoal (200 mg) under 1 atmosphere of 

08 hydrogen for 45 minutes. Formaldehyde (5 ml) was 

09 added and the hydrogenation continued for a further 2 

10 h. The catalyst was removed by filtration and washed 

11 with ethanol. The solvent was removed in vacuo and 

12 the residue dissolved in aqueous potassium carbonate 

13 and extracted with ethyl acetate (3 x 50 ml) . The 

14 organic layer was washed with brine, separated, and 

15 dried over MgS04. Solvent removal gave crude material 

16 which was purified by column chromatography (30 g 

17 silica gel, 7% methanol in dichloromethane with 1% 

18 cone, ammonia) to give the title compound (330 mg, 

19 60%); [a]20D -82. 9^ (1% wt/vol., CHCI3); v m^x. 

20 (CHCI3), 3530, 1720, 1330, 1150 cm"-^? mass spectrum 

21 FAB-MS (3-nitrobenzyl alcohol matrix + sodium acetate) 

22 MNa**" 892 (C4oH75N30i5SNa) . 
23 

24 

25 Example 43 
26 

27 ll-0-[2-Methanesulphonyloxyethoxymethyl] erythromycin 

28 A 9-oxime 
29 

30 a) ll-0-[2-Methanesulphonyloxyethoxymethyl]-2 ' -O ,N- 

31 dibenzyloxycarbonyl-des-N-methylerythrcxnycin A 

32 9-acetoxime 

33 The product from Example 13(a) (200 mg) in dry pyridine 

34 (3 ml) was treated with methane sulphonyl chloride (0.02 

35 ml) at 0-5^ and the mixture stirred at room temperature 

36 for 1 h. The pyridine was evaporated and the residue 



! 
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02 partitioned between ethyl acetate and water. Organic 

03 solution was washed with aqueous citric acid solution, 

04 aqueous sodium bicarbonate solution and finally brine. 

05 After drying over anhydrous magnesium sulphate the 

06 solvent was evaporated. Chromatography of the residue 

07 on silica-gel using ethyl acetate-hexane as eluent gave 

08 the title product as a colourless foam (110 mg), [al^Oo 

09 -100.20 (c 1.0% in CHCI3); v max. (CHCI3) 1740 and 

10 1690 cm-i. 
11 

12 b) ll-0-[2-Methanesulphonyloxyethoxymethyl]-2 ' HD^N- 

13 dibenzyloxycarbonyl-des-N-methyl- erythromycin A 

14 9-oxime 

15 The product from Example 43(a) (130 mg) in methanol (5 

16 ml) was treated with potassium carbonate (1.2 equiv.) 

17 and the mixture stirred at room temperature for ^ h. 

18 The methanol was evaporated and the residue taken up in 

19 ethyl acetate. Organic solution was washed with water 

20 and dried over anhydrous magnesium sulphate. 

21 Evaporation of the solvent and chromatography of the 

22 residue on silica-gel using ethyl acetate-hexane as 

23 eluent gave the title product as a colourless foam (90 

24 mg); v ^ax. (CHCI3) 1735 and 1690 cm"^ ; ^^C NMR 6 

25 ( inter alia ) 175.9 (C-1), 167.8 (C-9 oxime), 98,5 

26 (OCH9.O) , 69.33 and 67.07 ( -OCH2CH2O- ) . 
27 

28 c) ll-0-[2-Methanesulphonvloxyethoxymethyl]- 

29 erythromycin A 9-oxime 

30 The product from Example 43(b) (80 mg) was converted 

31 into the title compound by a procedure analogous to 

32 that described in Example 8(b). The title compound was 

33 obtained as a colourless foam (45 mg); v j^^x (CHCI3) 

34 1720 cm-1. 



I 
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02 Example 44 
03 

Q4 ll-0-[2-Pht^aliiiddoet3ioxymethyl]e3ryi:liromyciD A 9-oxime 
05 

06 a) ll-0-[2-Pht3ialiiaidoetlxoxyinet3iyl]-2 ' ,N-dibenzyl- 

07 oxycarbonyl-des-N-me-bhyl erybhrcanycin A-"9- 

08 benzyloxycarbonyloxime 

09 The product from Preparation 2 (1 g) in dry 

10 dimethyl forraamide (5 ml) was treated with 2,6-lutidine 

11 (1.2 ml) and 2-phthalimidoethoxymethyl chloride (1.4 g) 

12 and the mixture stirred at room temperature for 4 h. 

13 The reaction mixture was poured into excess ethyl 

14 acetate and the orgeinic solution washed successively 

15 with water, aqueous 20% citric acid solution, aqueous 

16 sodium bicarbonate solution, and finally brine. After 

17 drying over anhydrous magnesium sulphate the solvent 

18 was evaporated. Chromatography of the residue. on 

19 silica-gel using ethyl acetate/hexane (1:1) as eluent 

20 gave the title product as a colourless foam (500 mg), 

21 Ca]20D -87.00 i.o% in CHCI3)? v n^^x. (CHCI3) 3450 

22 and 1715 cm""^; mass spectrum FAB-MS (3 -ni trobenzyl 

23 alcohol matrix + sodium acetate) MNa"*" 1346 

24 (C7iH93l^f302lNa) . 
25 

26 b) 11 -O- C2 -Phthalimidoethoxymethy 1 ] erythromycin A 

27 9-oxime 

28 The product from Example 44(a) (240 mg) was converted 

29 into the title compound by a procedure analogous to 

30 that described in Example 8 (b) . The title compoxind was 

31 isolated as a colourless foam (115 mg) , Ca]20D -59. 9° 

32 (c 1.0% in CHCI3); V max (CHCI3) 3450 and 1710 cm"!; 

33 mass spectrum FAB-MS (3 -ni trobenzyl alcohol matrix + 

34 sodium acetate) MNa"*" 838 (C4aH77N30i5Na) . 
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02 Example 45 
03 

04 11 -O- C 3 -Benzoyloxypropy loxyme^hy 1 ]-erybhromycin A 

05 9-oxiiue 
06 

07 a) 11-0- [ 3-B enzoyloxypropy loxyinethyl ] - 2 ' -O . N- 

08 dibenzyloxycarbonyl-des-N-inethylerythromycin A 9- 

09 benzyloxycarbonyloxime 

10 2 ' -O , N-Dibenzyloxycarbonyl-des-N-methylerythromycin 

11 A-9 -benzyloxycarbonyloxime (2,27 g) in dry DMF (12 ml) 

12 was treated with 2, 6-lutidine (2.32 ml)and 3-benzoyl- 

13 oxypropyloxymethyl chloride (2.8 ml) and the mixture 

14 stirred at room temperature for 2 h. The solution was 

15 diluted with ethyl acetate (200 ml) and the organic 

16 solution washed successively with water, citric acid 

17 solution, aqueous sodium bicarbonate solution and 

18 finally brine. After drying over anhydrous magnesium 
1^ sulphate the solvent was evaporated. Chromatography of 

20 the residue on silica-gel using ethyl acetate/hexane 

21 (1:1) as eluent gave the title product as a colouress 

22 foam (2 g) , [a]20D -68.70 (c 2.39% in CHCI3); v jnax. 
^3 (CHCI3) 1730 (br); mass spectrum FAB-MS (3-nitrobenzyl 

24 alochol matrix + sodium acetate) MNa+ 1351 

25 (C7iH96N2022Na) . 
26 

27 b) 11 ~0 - [ 3 -Benzoyloxypropy loxymethyl ] erythromycin A 

28 9-oxime 

29 The product from Example 45(a) (550 mg) in ethanol (30 

30 ml) containing acetate buffer (3 ml; pH 4.8) was shaken 

31 wi'th 10% Pd-C (250 mg) under 1 atmosphere of hydrogen 

32 for ^5 h. 37% Formaldehyde (3 ml) was added and the 

33 hydrogenation continued for a further l\ The 

34 catalyst was filtered off and the filter cake washed 

35 with ethanol. Evaporation gave an oil. The residue 
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02 was taken up in water (20 ml) and the solution brought 

03 to pH 11 with potassium carbonate. The aqueous 

04 solution was extracted with ethyl acetate (2 x 100 ml) 

05 and the extracts washed with water. After drying over 

06 anhydrous magnesium sulphate, the solvent was 

07 evaporated to give a colourless foam. Chromatography 

08 on silica-gel using dichlororaethane/methanol/ ammonia 

09 (93s7sl)as eluent gave the title product as a 

10 colourless foam (350 rag); v ^ax, (CHCI3) 1720 cm"^; 

11 mass spectrum FAB-MS (3-nitrobenzyl alcohol matrix + 

12 sodium acetate) MNa"*' 963 (C48H80N2Ol6Na) . 
13 

14 

i5 Example 46 
16 

17 11-0- [2 -Bromoethoxymethyl 3 erythromycin A 9-oxime 
18 

19 a) ll-0-[2-Bromoethoxymethyl]-2 ' -O ^N-dibenzyloxy- 

20 carbonyl-des-N-methylerythromycin A-9-benzyloxy- 

21 carbonyloxime 

22 2' -0,N-Dibenzyloxycarbonyl-des-N-methylerythromycin A 

23 9-benzyloxycarbonyloxime (1.136 g) in dry dimethyl- 

24 formamide (6 ml) was treated with 2,6-lutidine (1.16 

25 ml) and 2-bromoethoxyraethyl chloride (1.04 g) and the 

26 mixture stirred at room temperature for 4 h. The 

27 solution was diluted with ethyl acetate (200 ml) and 

28 the organic solution washed successsively with water, 

29 aqueous citric acid solution, aqueous sodium 

30 bicarbonate solution and finally brine. After drying 

31 over anhydrous magnesium sulphate the solvent was 

32 evaporated. Chromatography of the residue on silica- 

33 gel using ethyl acetate/hexane (3:7) as eluent gave the 

34 title product as a colourless foam (0.6 g); Ca]^^D 



0 201 1S@ 

01 - 91 - 

02 -85.00 (c, 3.0% wt/ vol. inCHCla); v ^ax. (CHCI3) 

03 1730 and 1685 cm"l; mass spectrum FAB-MS (3-nitro- 

04 benzyl alcohol matrix + sodium acetate) MNa"*" 1295 

05 (C63H88N2O20BrNa) . 
06 

07 b) ll-0-[2-Bromoethoxymethyl]ervthromycin A 9-oxime 

08 The product from Example 46(a) was converted into the 

09 title compound using a procedure analogous to that 

10 desscribed in Example a(b). Te title compound was thus 

11 obtained as a colourless foam; [aJ^Oo -63. 20 (c, 2.3% 

12 wt/vol. in CHCI3); V max, (CHCI3) 1710, 1455 and 

13 1160 cm"l; mass spectrum PAB-MS (3-nitrobenzyl alcohol 

14 matrix + sodium acetate) MNa+ 907 (C4oH72N20l4BrNa) . 
15 

16 

17 Example 47 
18 

1^ ll-0-[2-(P iper idin-1 -y 1 ) ethoxymethyl ] erythromyc in A 

20 9-oxime 

21 

22 a) 11-0- [ 2- ( Piperidin-l-yl) -ethoxymethyl]2 ' -O ,N- 

23 dibenzyloxycarbonyl-des-N-methylerythromycin A 

24 9-benzyloxycarbonyloxime 

25 The product from example 46(a) (0.6 g) in dry dimethyl 

26 formamide (10 ml) was treated with piperidine (9 

27 equiv.) and the mixture heated in a sealed tube at 70O 

28 for 16 h. The mixture was poured into water (pH 

29 adjusted to 11 using potassium carbonate) and extracted 

30 with ethyl acetate. After drying over anhydrous 

31 magnesium sulphate the solvent was evaporated. 

32 Chromatography on silica-gel using 

33 chloroform: methanol :NH3 (92:8:1) as eluent gave the 

34 title compound as a colourless foam (0.232 g) [a]20£) 

35 -86.20 (c, 0.98% in CHCI3); v jj^^x. (CHCI3) 1720 

36 cm"l; mass spectrum PAB-MS (3-nitro- benzyl alcohol 

37 matrix + sodium acetate) MNa+ 1166 (C60H93N30iaNa) . 
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02 b) 11 -O- [2 - (P iper idin-1 -y 1 ) e-bhoxymethy 1 ] erythromycin 

03 A-9-oxime 

04 The product frora Example (47(a) (0.232 g) was converted 

05 into the title compound by a procedure analogous to 

06 that described in Example 8 (b) . The title compound was 

07 isolated as a colourless foam (95 mg) [al^Oo -66. 9© (c, 

08 1-0% in CHCI3); N) laax. (CHCI3) 1720 cm'"!; mass 

09 spectrum FAB-MS (3-nitrobenzyi alcohol matrix + sodium 

10 aetate) MNa"*" 912 (C45H83N30i4Na) . 
11 

12 

13 Example 48 
14 

15 11-O-C (2-N-"Methyl-2-N-ethylamirio) ethoxymethyl]- 

16 erythromycin A 9-oxime 
17 

18 a) ll-0-[2-N-ethylamino) ethoxymethyl-2 ' - 

19 GrN-dibenzyloxycarbonyl-des-N-methyl-erythromycin 

20 A 9-benzyloxycarbonyloxime 

21 The product from Example 46(a) (0.5 g) in neat ethyl- 

22 amine (4 ml) was heated in a sealed tube at 70^ for 4 

23 h. The reaction mixture was poured into water atnd 

24 extracted with ethyl acetate at pH 11. After drying 

25 over anhydrous magnesium sulphate the solvent was 

26 evaporated and the residue chroma tographed on 

27 silica-gel using chloroformsmethanol:ammonia (90:10:1) 

28 as eluent to give the title compound as a colourless 

29 foam (208 mg) , [al^Oo -79. 11^ (c, 2.0% in CHCI3 ) ; mass 

30 spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 

31 acetate) £4Na+ 1126 (C57H89N30i8Na) . 
32 

33 b) ll-0-C2-N-Methyl-2 -N-ethylamino ) ethoxymethyl ]- 

34 erythromycin A 9-oxime 

35 The product from Example 48(a) (0.2 g) was converted 

36 into the title compound by a procedure analogous to 
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02 that described in Excuaple 8(b). The title compound was 

03 isolated as a colourless foam (155 mg), [al^Oo -65.7^ 

04 (c, 1.67% in CHCI3); v ^^ax, (CHCI3) 1715 cra"l ? mass 

05 spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 

06 acetate) MNa**" 886 (C43H8iN30i4Na) . 
07 

08 

09 Exeunple 49 
10 

11 11-0- (N-Methyl-N-phenylsulphonamidomethyl ) - 

12 erythromycin A 
13 

14 a) 11-0- (N-Methyl-N-phenylsulphonamidomethyl )-2 ' -0 

15 dibenzyloxycarbonyl-des-N-methyl erythromycin A 

16 2 • -0,N-Dibenzyloxycarbonyl-des-N-methyl erythromycin A 

17 (475 mg) was dissolved in dimethyl formamide (5 ml) and 

18 2,6-lutidine (295 ul) added followed by N-chloromethyl- 

19 N-phenylsulphonamide (330 mg) and the mixture stirred 

20 at room temperature for 3 h. The mixture was poured 

21 into excess ethyl acetate (60 ml) and the organic 

22 solution washed successively with water, 20% citric 

23 acid solution, aqueous sodium bicarbonate solution and 

24 finally dried over anhydrous magnesium sulphate. The 

25 solvent was evaporated and the residue chromatographed 

26 on silica-gel using 5% methanol in dichlororaethane as 

27 eluent to give the title compound as a colourless foam 

28 (190 mg); v max. (CHCI3) 3550, 1730, 1690 and 690 

29 cm-l; nmr (CDCI3) 6 ( inter alia ) 218.1 (C-9 

30 ketone), 178.8, 176.3 and 175.7 (C-1), 110.1 and 108.8 

31 (C-9 of herai-ketals) , 85.8 and 85.3 (C-6 of 

32 hemi-ketals) , 82.8 and 80.9 (0-CH9.-N) , 76.0 (C-6 of 

33 9-keto compound); mass spectrum FAB-MS (3-nitrobenzyl 
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02 alcohol matrix + sodium acetate) MNa"^ 1193 

03 (C6qH86N2019^^^^ • title product exists in 

04 deuteriochloroform solution as a mixture of 9-keto and 

05 two 6,9-hemiketal tautomers. 
06 

07 b) ll-O- (N-Methyl-N-phenylsulphonamidomethyl ) 

08 erythromycin A 

09 The product from Example 49(a) (190 mg) was converted 

10 into the title compound by a procedure analogous to 

11 that described in Example 8(b), The title compound was 

12 obtained as a colourless foam (96 mg); \> max. 

13 {CHCI3) 3700, 3300 and 1710 cm"^; ^^C NMR (CDCI3) 6 

14 ( inter alia ) 218.2 (C^9 ketone), 179.0, 176*6 and 175.9 

15 (C-1), 110.3 and 108.4 (C-9 of hemi-ketais) , 104.7 and 

16 102.9 (C-1'), 97.1 and 96.2 C-1''), 85.5 and 85.2 (C-6 

17 of hemi-ketals) / 80.9, 80.3 and 79.8 (0-CH9-N) , 76.1 

18 (C-6 of 9-keto compound); mass spectrum FAB-MS 

19 (3-nitro- benzyl alcohol matrix + sodium acetate) I4Na"*" 

20 939; MH+ 917? EI 899 (M+ -H2O); (M+ -H2O) 898.4835, 

21 C45H74N2O14S requires M 898.4865. The title compound 

22 exists in deuterochloroform solution as a mixture of 

23 9-keto and two 6, 9-hemiketal tautomers. 
24 

25 

26 Example 50 
27 

28 11-O-C 2-Methoxyethoxymethyl] erythromycin A-6 , 9- 

13 hemi-ketal 

31 a) ll-0-[2-Methoxyethoxymethyl3"2 ' ~0 ,N-dibenzyloxy- 

32 carbonyl~des~N-methylerythromyciyn A-6,9 hemi- 

33 ketal 

34 2' -0,N-Dibenzyloxycarbonyl-des-N-inethyierythromycin A 

35 (830 mg) in dry DMF (5 ml) was treated with 
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02 2,6-lutidine (0.6 ml) and 2 -methoxyethoxymethyl 

03 chloride (0.36 g) and the mixture stirred at room 

04 temperature for 1 h. The solution was diluted with 

05 ethyl acetate (150 ml) and the organic solution washed 

06 successively with water, citric acid solution, aqueous 

07 sodium bicarbonate and finally brine. After drying 

08 over anhydrous magnesium sulphate the solvent was 

09 evaporated. Chromatography of the residue on silica- 

10 gel using ethyl acetate/hexane (2:1) as eluent gave the 

11 title compound (mixture of hemi-ketal tautoraers) as a 

12 colourless foam (500 mg), v ^ax. (CHCI3) .1730 and 

13 1690 cm-1; mass spectrum FAB-MS (3-nitrobenzyl alcohol 

14 matrix + sodium acetate) MNa+ 1098 (CseHasNOigNa) . 
15 

16 b) 1 1-0- [2-Methoxyethoxymethyl] erythromycin 

17 A-6 , 9-hemi-ketal 

18 The product from Example 50(a) (300 mg) was .converted 

19 into the title compound by a procedure analogous to 

20 that described in Exeunple 8(b). The title compound was 

21 isolated as a colourless foam (180 mg); » j^ax. 

22 (CHCI3) 1720 cm-l; mass spectrum FAB-MS (3-nitrobenzyl 

23 alcohol matrix + sodium acetate) MNa'*' 844 

24 (C4iH75NOx5Na) . 
25 

26 

27 Example 51 
28 

29 11-0- [2-Bromoethoxymethyl] erythromycin A-6 ,9-hemi-Ketal 
30 

31 a) ll-0-[2-Bromoethoxymethyl]-2 ' -O ,N-dibenzyloxy- 

32 carbonyl-des-N-methylerythromycin A-6 , 9-hemi-ketal 

33 2 ' -O, N-Dibenzyloxycarbonyl-des-N-methylerythromycin A 

34 (1 g) in dry dimethyl forraamide (6 ml) was treated with 

35 2,6-lutidine (1.2 ml) and 2-bromoethoxymethyl chloride 



0 201 11 6S 

01 - 96 - 

02 (0.84 g) and the mixture stirred at room temperature 

03 for 4 h. Excess ethyl acetate was added and the 

04 organic solution washed successively with water, 

05 aqueous citric acid solution, aqueous sodium 

06 bicarbonate solution and finally brine. After drying 

07 over anhydrous magnesium sulphate the solvent was 

08 evaporated to give a colourless foam. Chromatography 

09 of the residue on silica-^el using ethyl acetate/hexane 

10 (2:1) as eluent gave the product as a colourless foam 
(500 mg), y> max. (CHCI3) 1720 and 1690 cm-1; mass 

12 spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 

13 acetate) MNa+ 1146 (C55H82NOl8Br) . 
14 

15 b) Il-0-C2-Bromoethoxymethyl3 erythromycin A-6 ,9- 

16 hemi-ketal 

17 The product from Example 51(a) (300 mg) was converted 

18 into the title compound by a procedure analogous to 

19 that described in Example 8(b). The title compound was 

20 isolated as a colourless foam (200 mg), v ;tiax. 

21 (CHCI3) 3450 and 1720 cm*"!; mass spectrum (3-nitro- 

22 benzyl alcohol matrix + sodium acetate) MNa+ 892 

23 C4oH72NOi4Br) . 
24 

25 

26 Example 52 
27 

28 11-0- [ 2-N ,N-D imethylaminoethoxymethyl] erythromycin 

29 A-6,9* hemi-ketal 
30 

31 a) ll-0-[2-N,N-Dimethylaminoethoxymethyl]-2 ' HP ,N- 

32 dibenzyl- oxy carbonyl-des-N-me thy 1 erythromycin A 

33 6,9-hemi-ketal 

34 The product from Example 51(a) was dissolved in dry 

35 dimethyl formamide (2 ml) and the mixture cooled to 



0 201 1 6® 

01 - 97 - 

02 0-5O. Dry dimethylamine gas was bubbled into the 

03 solution for a few minutes (uptake was ca. 300 mg) and 

04 the mixture heated in a sealed tube at &0O for 3 h. 

05 Nitrogen was blown through the solution to remove 

06 excess dimethylamine and the solution poured into 

07 excess water. The solution was adjusted to pH 11 with 

08 potassium carbonate solution and extracted with ethyl 

09 acetate (2 x 50 ml) . After drying over anhydrous 

10 magnesium sulphate the solvent was evaporated to give a 

11 colourless foam. Chromatography of the residue on 

12 silica-gel using CHCl3:MeOH:NH3 (90:10:1) as eluent 

13 gave the title compound as a mixture of hemi-lcetal 

14 tautomers (160 mg) , v ^ax. (CHCI3) 1730, 1690 and 

15 1675 cm"l: mass spectrum FAB-MS (3-nitrobenzyl alcohol 

16 matrix + sodium acetate) MNa+ 1111 (C57H88N20i8Na) . 
17 

18 b) 11-0-C2-N /N-Dimethylaminoethoxymethyl] erythromycin 

19 A-6 , 9-hemi-ketal 

20 - The product from Example 52(b) (150 mg) was converted 

21 into the title compound by a procedure analogous to 

22 that described in Example 8(b). The title compound was 

23 isolated as a colourless foam (100 mg), v max. 

24 (CHCI3) 1720 cm-1; mass spectrum FAB-MS (3-nitrobenzyl 

25 alcohol matrix + sodium acetate) MNa"*" 857 

26 (C42H7aN20i4Na) . 
27 

28 

29 Example 53 
30 

31 ll-0"[2-Benzoyloxyethoxymethvl]erythromcin A 9-imine 
32 

33 ll-0-[2-Benzoyloxyethoxymethyl]erythromycin A-9-oxime 

34 (500 mg) in methanol (5 ml) was treated with ammonium 
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02 acetate (1 g) and the solution stirred under nitrogen. 

03 An aqueous solution of ca. 15% titanium trichloride 

04 (ca. 1-3 ml) was added until the colour persisted and 

05 the mixture stirred for a further 25 min. The mixture 

06 was partitioned between water (pH adjusted to 10) and 

07 diethyl ether. The organic layer was dried over 

08 anhydrous magnesium sulphate euid the ether evaporated 

09 to give the title compound as a colourless foam (330 

10 mg); v j^^x. {CHCI3) 3450 and 1720 cm"^? ^3c NMR 

11 (CDCI3) 6 ( inter alia ) 177.1 (C-1), 166.4 (PhOO-G) 96.5 

12 {O-CH2-O)' 95.6 (C-9), 82.4 (C-6), 66.7 and 63.9 

13 (0ai2CH202CPh and OCH2ai202CPh) r mass spectrum FAB-MS 

14 (3-nitrobenzyl alcohol matrix + sodium acetate) MNa+ 

15 933 (C47H78N20l5Na) MH+ 911 (C47H79N205 ) • These data 

16 show that the title compound exists in deutero- 

17 chloroform as the 6 , 9-carbinolamine tautomer. 
18 

19 Example 54 
20 

21 11 "O- C2 -*Ben2oy loxyethoxymethyl ]-ery thromycy lamine A 
22 

23 II-0-C2 -Benzoy loxye thoxymethyl ] erythromycin A-9 - imine 

24 (200 mg) in methanol (4 ml) was treated with sodium 

25 borohydride (20 mg) and the mixture stirred at room 

26 temperature for 1 h. The pH was adjusted to 2.5 using 

27 20% aqueous citric acid solution and the mixture 

28 stirred for a further 5 min. V/ater was now added and 

29 the aqueous solution extracted with dichloromethane at 

30 pH 6, pH 7, pH 8 and pH 9. The amine containing 

31 extracts (pH 7) were combined, washed with water and 

32 dried over anhydrous magnesium sulphate. Evaporation 

33 of the solvent gave a colourless foam. Chromatography 

34 of the residue on silica-gel using dichloromethane: 

35 methanol: ammonia (93:7:1) as eluent gave the title 

36 product as a colourless foam (140 mg), Ca]2^D -45.6 
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02 (c, 1.0% in CHCI3); V max. (CHCI3) 1720 cm-1; 

03 NMR (CDCI3) 6 ( inter alia ) 176.0 (C-1), 166.4 

04 (PhCOO), 98.9 (0-CH2-<^) ' "76.6 (C-6), 67. 1 and 64.01 

05 (OCH2CH2O2CPI1 and GCH2CH202CPh) , 62.1 (C-9); mass 

06 spectrvun FAB-MS (3-nitrobenzyl alochol matrix) MH+ 913 

07 (C47H8IN2O15) . 
08 

09 Example 55 
10 

11 11-0" (2 -Me thoxyethoxymethyl] erythromycin A 9-imine 
12 

13 ll-0-[2-Methoxyethoxymetliyl]eryt.hrorayGin A 9-oxiine (600 

14 mg) in methanol (10 ml) was treated with ammonium 

15 acetate (1.2 g) and the mixture stirred under 

16 nitrogen. An aqueous solution ca. 15% titanium 

17 trichloride was added until the colour persisted and 

18 the mixture stirred for a further 35 min. The mixture 

19 was partitioned between water (pH adjusted to 10) and 

20 diethyl ether. The organic layer was dried over 

21 anhydrous magnesium sulphate and the ether evaporated 

22 to give the title compound as a colourless foam (485 

23 mg) , v niax. (CHCI3) 3450 and 1720 cm"l; ^^C NMR 

24 (CDCI3) 6 ( inter alia ) 177.1 (C-l), 96.5 (O-CH2-O), 

25 95.6 (C-9), 82.44 (C-6) 71.8 and 67.35 (0CH2CH20Me ) , 

26 59.1 (MeO); mass spectriam FAB-MS (3-nitrobenzyl 

27 alcohol matrix) MH+ 821 (C41H77N2O14) . 
28 

29 Example 56 
30 

31 11-O-C 2-Methoxyethoxymethyl] erythromycylamine A 
32 

33 ll-0-[2-Methoxyethoxymethyl]erythromycin A-9-imine (175 

34 mg) in methanol (4 ml) was treated with sodium 

35 borohydride (20 mg) and the mixture stirred at room 

36 temperature for 1 h. The pH was adjusted to 2.5 using 

37 20% aqueous citric acid solution and the mixture 

38 stirred for a further 5 min. Water was added and the 
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aqueous solution extracted with diclilororaethane at pH 
6, If 8, 9 and 10. The amine containing extracts were 
dried over anhydrous magnesium sulphate and the solvent 
evaporated. Chromatography of the residue on silica- 
gel using dichloromethane:methanol: ammonia (93:7:1) as 
eluent gave the title compound as a colourless foam 
(100 mg), Ca]20D -37. 2^ (c, 1.0% in CHCI3); v ^ax. 
(CHCI3) 1720 cm-1; 3.3c NMR (CDCI3) 6 ( inter alia ) 
176.2 (C-1), 98.7 {O-CH2-O)' 76.24 (C-6), 71.65 and 
68.39 (OCH2CH20Me) , 62.31 (C-9), 58.8 (Mep); mass 
spectrum FAB-^S {3-nitrobenzyl alcohol matrix) MH+ 823 
(C4IH79N2014). 



Example 57 

ll-O-CEthoxymethylJ-erythromycin A 9-imine 

ll-0-CEthoxymethyl3-erythromycin A 9-oxime (800 mg) in 
methanol (8 ml) was treated with ammonium acetate (1.6 
g) and the solution stirred under nitrogen. An aqueous 
solution of ca. 15% titanium trichloride was added 
until the colour persisted and the mixture stirred for 
a further 30 min. The mixture was partitioned between 
water (pH adjusted to 10) and diethyl ether. The 
organic layer was dried over anhydrous magnesium 
sulphate and the ether evaporated to give the title 
compound as a colourless foam (400 mg) , v max. 
(CHCI3) 3450 and 1720 cm^l. 13c NMR (CDCI3) 6 
( inter alia ) 177.2 (C-1), 95.9 (O-CH2O). 95.42 (C-9, 
H2N-C-0), 82.32 (C-6), 64.12 (CH3gi20). These data 
show that the title compound exists in deutero- 
chloroform as the 6, 9-carbinolamine-tautomer . 
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Example 58 

ll-0-[Ethoxyme-bhyl]erythromycylamine A 

11-0-CEthoxymethyl] erythromycin A-9-imine (350 mg) in 
methanol (7 ml) was treated with sodium borohydride (35 
mg) and the mixture stirred at room temperature for 1 
h. The same work-up and isolation procedures described 
in Example 56 gave the title compound as a colourless 
foam (250 mg); [al^Oo -35. 80 (c, 1.0% in CHCI3); v 
max. (CHCI3) 1720 cm"!; 13c NMR (CDCI3) 6 ( inter 
alia) 176.0 (C-1), 98.42 (O-CH2-O), 76.48 {C-6), 64.28 
(CH3CH2O-), 62.25 (C-9); mass spectrum PAB-MS (3-nitro- 
benzyl alcohol matrix + sodium acetate) MNa"** 815 
(C40H76^2Ol3Na) . 

Example 59 

ll-0-[2-Hydroxyethoxymethyl]erythromycin A-g-imine 

1 1 -0 - [2 -Hydr oxyethoxymethyl ] erythromycin A-9 -oxirae ( 7 80 
mg) in methanol (10 ml) was treated with ammonium 
acetate (2 g) and the mixture stirred under nitrogen. 
An aqeuous solution of ca. 15% titanium trichloride was 
added until the colour persisted and the mixture 
stirred for a further 30 min. The same work-up and 
isolation procedures described in Example 55 gave the 
title compound as a colourless foam (688 mg), v max. 
(CHCI3) 1720 cm-1; NMR (CDCI3) 6 ( inter alia ) 

178.2 (C-1), 98.47 (-OCH2O-), 94.9 (C-9), 82.6 {C-6), 
72.78 and 62.26 (-OCH2CH2OH and -OCH2CH2OH). Mass 
spectrum FAB-MS (3-nitrobenzyl alcohol matrix + sodium 
acetate) MNa**" 829 (C40H74N2O14 ) , MH+ 807 
(C4oH73N20]^4) • These data show that the title iraine 
exists in deuterochloroform solution as the 
6, 9-carbinolamine ether tautomer. 
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02 Example 60 
03 

04 11 "-O- [ 2 -Hydroxye-fchoxymethyl 3 erybhromycy leuoine A 
05 

06 ll-0-C2-Hydroxyethoxymetliyl]erytlirorayciii A 9-iniine {680 

07 rag) in metlianol (14 ml) was treated with sodium boro- 

08 hydride (70 mg) and the mixture stirred at room 

09 temperature for 1 h. The same work-up and isolation 

10 procedures as described in Example 56 gave the title 

11 compound as a colourless foam (200mg) [a]20D -53. 2^ (c, 

12 1-0% in CHCI3); V max. (CHCI3) 1720 cm-1; 13c NMR 

13 (CDCI3) 6 ( inter alia ) 176.34 (C-l), 99.29 (0-CH2-0)r 

14 71.27 and 61.61 (-OCH2CH2OH and OCH2CH20H)r 62.67 

15 (C-9)r mass spectrum FAB-MS (3-nitrobenzyl alcohol 

16 matrix + sodium acetate) MNa"*" 831 (C4oH76N20i4Na) . 
17 

18 

19 Example 61 
20 

21 11-Q-L2-N /N-Dimethylaminoethoxymethyl] erythromycin A 

22 9-imine 
23 

24 ll-0-C2-N,N-Dimethylethoxymethyl]eirythromycin A 9-oxime 

25 (450 mg) in methanol (8 ml) was treated ammonium 

26 acetate (1 g) and the mixture stirred under nitrogen. 

27 An aqueous ca. 15% solution of titanium trichloride was 

28 added until the colour persisted and the mixture 

29 stirred at room temperature for 50 min. The same 

30 work-up and isolation procedures described in Example 

31 55 gave the title compound as a colourless foam (380 

32 mg). » ^ax. (CHCI3) 1720 cm'l. The 13c NMR showed 

33 that the title imine existed in deuterochloroform as 

34 the 6,9-carbinolamine tautomer. 
35 
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02 Example 62 
03 

04 11-0- [2 ,N/N'-DimethylaniimoethQxyinethyl]eryt.hrQmycyl 

05 amine A 
06 

07 ll-0-[2-N,N-Dimethylethoxymethyl]erythromycin A 9-imine 

08 (380 mg) in methanol (8 ml) was treated with sodium 

09 borohydride (40 rag) and the mixture stirred at room 

10 temperature for 1 h. The same work-up and isolation 

11 procedures described in Example 56 gave the title 

12 compound as a colourless foam (270 mg)r La]20D -28. 8^ 

13 (c, 1.0% in CHCI3); N, max. (CHCI3) 3450 and 1720 

14 cm-1? 13c NMR (CDCI3) 6 ( inter alia ) 176.2 (C-1), 99.2 

15 (-OCH2O-), 75.63 (C-6), 67.8 and 59.4 (OCH2CH2OH and 

16 OCH2CH2OH), 62.5 (C-9). 
17 

18 Example 63 
19 

20 ll-0-[3"Propyloxymethyl]erythromycin A 9-imine 
21 

22 ll-0-[3-Propyloxymethyl]erythromycin A 9~oxime (290 mg) 

23 in methanol (5 ml) containing ammonium acetate (1 g) 

24 was stirred at room temperature under nitrogen. An 

25 aqueous solution of ca. 15% titanium trichloride was 

26 added until the colour persisted and the solution 

' 27 stirred for a further 40 mins. The same work-up and 

28 isolation procedures described in Example 55 gave the 

29 title compound as a colourless foam (175 mg) . n> max. 

30 (CHCI3) 1720 cm~l- The 13c NMR showed that the title 

31 compound existed as the 6-9-carbinolamine tautomer in 

32 deuterochloroform solution. 
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02 Example 64 
03 

04 11 -O- C 3 -P ropy loxymethyl ] erybhromycylajnine A 
05 

06 Il-0-C3-Propyloxyitietliyl3erythromycin A-9-imine (170 mg) 

07 in metlianol (5 ml) was treated with sodium borohydride 

08 (30mg) and the mixture stirred at room temperature for 

09 1 h. The same work-up and isolation procedures 

10 described in Example 56 gave the title compound as a 

11 colourless foam (160 mg) , [al^^D -33. 5° (c, 1.0 in 

12 CHCI3); V max. (CHCI3) 1720 cm"i; mass spectrum 

13 FAB-MS (3-nitrobenzyl alcohol matrix + sodium acetate) 

14 MNa+ 949 (C48H82N20l5Na) . 
15 
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Claims 

1. A compound of the general formula I or a 
pharmaceutically acceptable ester or acid addition salt 
thereof: 




wherein 

one of r1 and r2 denotes hydrogen and the other of 
and r2 denotes an amino group or a substituted amino 
group r or 

Ri and r2 together denote an oxo group, an oxime group, 
a substituted oxime group, or an imino group, and 

r5 denotes a hydroxy group or an alkoxy group.; or 

one of r1 and r2 denotes a hydroxy group, or an amino 
group, and the other of R^ and r2 together with R^ 
denotes an ether oxygen atom, -0-, 
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r3 denotes a group o£ the formula II: 

Q- CH - 
I 

rC 

in whicli 

Q denotes one of the following groups: 

RA-0- iiia 

RB-CO-O- IIIB 
rB_co-n- iiic 

rA-soo-n- hid 

denotes an unsubstituted or substituted 
Trydrocarbon group, 

R^ denotes a hydrogen atom or an unsubstituted or 
substituted "hydrocarbon or hydrocarbon-oxy group, 

each of rC and rD, which may be identical or 
different, denotes a hydrogen atom or an unsubstituted 
or substituted hydrocarbon group, or 

any two of R^, R^, rC and R^ together denote a 
divalent, unsubstituted or substituted, organic group 
forming a 4~ to 7-membered heterocyclic ring together 
with the intervening atoms of the molecule; 
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01 
02 
03 



- 3 - 



06 
07 
08 
09 
10 



r4 denotes hydrogen or hydroxy; ^ 



04 b7 denotes hydrogen or methyl; 

05 



one of r8 and denotes hydrogen, hydroxy, alkoxy, 
alkanoyloxy, amino, substituted amino, or a group of 
the formula r12_s02-O-, and the other of r8 and R^ 
denotes hydrogen, or 



and together denote an oxo group, an oxime group, 
^2 or a substituted oxime group; and 

13 

14 r12 

denotes an organic group. 

15 

2. A compound as claimed in claim 1, wherein r3 
denotes a group of one of the following formulae 

18 

19 RA-0-CH2- 
20 

21 R^-C0-NH-CH2- 
22 

23 RS-CO-N-CH2- 

I 

25 rE 
26 

27 OC-N-CH2- 

29 RP 
30 

3i in which 

32 

and rB are defined as in claim 1, 

34 

35 rE denotes an unsubstituted or substituted 

36 hydrocarbon group, and 
37 
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02 denotes an unsubstituted or substituted, divalent, 

03 bydrocarbon group completing a 4- to 7-meinbered ring. 
04 

05 3. A compound as claimed in claim 1 or claim 2, 

06 wherein denotes a 2-substituted-ethyl or 

07 3-substituted propyl group. 
08 

09 4« A compound as claimed in claim 3, wherein R^ 

10 denotes a 2-substituted-ethyl or 3-substituted-propyl 

11 group, in which the substituent is selected from amino, 

12 N-alkyleuxiino, N,lsr-dialkylamino, halogen, hydroxy, 

13 alkoxy, benzoyloxy, alkeinesulphonyloxy, trisilyloxy, 

14 alkoxycarbonyl , alkanoyloxy, phenoxy, and heterocyclyl 

15 groups. 
16 

17 5. A compound as claimed in any one of claims 1 to 4, 

18 wherein R^ and R^ together denote a group of the 

19 formula IV: 
20 

21 =N-0-R^3 XV 

22 

23 in which R^3 denotes hydrogen or an unsubstituted or 

24 substituted bydrocarbon group or an acyl group. 
25 

26 6. A compound as claimed in claim 5, wherein R^^ 

27 denotes a hydrogen atom or a methyl group. 
28 

29 7. A compound as claimed in any one of claims 1 to 6, 

30 wherein *r4 denotes a hydroxy group. 
31 

32 8. A compound as claimed in any one of claims 1 to 7, 

33 wherein r5 denotes a hydroxy group. 
34 

35 9. A compound as claimed in any one of claims 1 to 8, 

36 wberein R^ denotes a methyl group. 
37 
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10. A compound as claimed in any one of claims 1 to 9, 
wherein denotes a hydrogen atom and denotes a 
hydroxy group. 

11. The compounds of the general formula I defined in 
claim 1 specifically named in any one of Examples 1 to 
64 herein. 



12. A compound of the general formula I)C 

CH. 



23 

R^-^0^ 3 



Z-N-CH. 




in which 

r4, r5 and r7 are defined as in claim 1; 

Rl8 denotes an oxo group, an oxime group, or a 

substituted oxime group; 

r19 

denotes H or Zr 

r23 denotes H or r3 (where r3 is defined as in claim 
1), with the proviso that, if r18 denotes oxo or r5 
denotes methoxy, then r23 denotes r3; 

one of r28 and r29 denotes H, OH, OZ, NZ2, NH2, NHZ, 
substituted NH2, substituted NHZ, alkoxy. alkanoyloxy. 
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or Ri2_s02-0- (in which R^^ denotes an organic group), 
and the other of r28 and r29 denotes H, or 

r28 and r29 together denote oxo; and 
Z denotes a protecting group. 

13. A process for the preparation of a compound of the 
general formula I as defined in claim 1 or a 
pharmaceutical ly acceptable ester or acid addition salt 
thereof, which comprises reacting a compound of the 
general formula VII: 






R- 




VII 



wherein 

R^, r5, b7 , r8 and R^ are defined as in claim 1, and 

R-^^ denotes an oxo group, an oxirae group, or a 
substituted oxime group. 
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02 in which compound of the general formula VII any 

03 reactive group (other than the 11-hydroxy group) may 

04 optionally be protected, 
05 

06 with an alkylating agent of the general formula VIII: 
07 

08 Q-CH-X VIII 

09 I 

10 Ac 

11 

12 in which 

13 

14 Q and rC are as defined in claim 1, and 

15 

16 X denotes a leaving group; 

17 

3-8 to give a compound of the general formula I in which 

19 and R^ together denote an oxo group or a substituted 

20 oxime group; 
21 

22 and thereafter, if necessary or desired, carrying out 

23 one or more of the following steps in any suitable 

24 order: 
25 

26 (a) converting a substitutent on the erythromycin 

27 structure to another such substituent in 

28 conventional manner; 
29 

30 (b) removing any protecting groups; and 

31 

32 (c) forming a pharraaceutically acceptable ester 

33 or acid addition salt. 
34 

35 14. A process as claimed in claim 13, wherein, 

36 subsequent to the reaction of the compound of the 

37 general formula VII with the alkylating agent of 
38 
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02 "the general formula VIII one or more of the following 

03 steps is carried out in any suitable order: 
04 

05 (a) converting an oxo group denoted by and 

06 together to an oxime group or a substituted oxime 

07 group; 
08 

09 (b) converting a substituted oxime group denoted 

10 by r1 and r2 together to an oxo group (or the 

11 corresponding tautomer) , another substituted oxime 

12 group, or an oxime group; 
13 

14 (c) converting a resulting oxime group denoted by 

15 R^ and R^ together to an oxo group (or the 

16 corresponding tautomer) , a substituted oxime group 

17 or an imino group (or the corresponding tautomer); 
18 

19 (d) converting a resulting imino group denoted by 

20 R^ and R^ together to an amino group denoted by R^ 

21 or r2; 
22 

23 (e) converting a resulting amino group denoted by 

24 R^ or r2 to a substituted amino group; 
25 

26 (f) converting any one or more of the groups 

27 denoted by r3, r5, r8 and r9 to another such 
^§ group; 

30 (g) removing any protecting group that may be 

31 present; and 
32 

33 (h) forming a pharmaceutically acceptable ester 

34 or acid addition salt. 

35 
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02 15. A process as claimed in claim 14, wherein 

03 contains an azido or halogen substituent and, wherein, 

04 in step (f), such substituent is converted into or 

05 replaced by an amino or substituted amino substituent. 
06 

07 16- A pharmaceutical composition which comprises a 

08 compound as claimed in any one of claims 1 to 11 in 

09 admixture or conjunction with a pharmaceutically 

10 acceptable carrier or excipient. 
11 

12 17. A method of treating bacterial infections in 

13 animals, which comprises administering a compound as 

14 claimed in any one of claims 1 to 11 or a composition 

15 as claimed in claim 16 to a patient in need thereof. 
16 

17 18. The use of a compound as claimed in any one of 

18 claims 1 to 11 for the manufacture of a medicament. 
19 
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03 

04 Claims (for AT) 

05 

06 1. A process for the preparation of a compound of the 

07 general formula I or a phannaceutically acceptable 

08 ester or acid addition salt thereof: 
39 




26 one of and r2 denotes hydrogen and the other of 

17 and r2 denotes an amino group or a substituted amino 

28 group, or 
29 



30 r1 and r2 together denote an oxo group, an oxime group, 

31 a substituted oxime group, or an imino group, and 
32 

33 r5 denotes a hydroxy group or an alkoxy group; or 
34 

35 one of R-^ and r2 denotes a hydroxy group, or an amino 

36 group, and the other of R^ and R^ together with R^ 

37 denotes an ether oxygen atom, -0-, 
38 
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r3 denotes a group of the formula II : 

Q- CH - 
1 

in which 

Q denotes one of the following groups: 

rA-o- II I a 

rB-CO-O- IIIB 
rB-CG-N- II IC 

rA-sOo-N- HID 

rA denotes an unsubstituted or substituted 
hydrocarbon group, 

rB denotes a hydrogen atom or an unsubstituted or 
substituted hydrocarbon or hydrocarbon-oxy group, 

each of rC and rD, which may be identical or 
different, denotes a hydrogen atom or an unsubstituted 
or substituted hydrocarbon group, or 

any two of R^, R®, R^ and R^ together denote a 
divalent, unsubstituted or substituted, organic group 
forming a 4- to 7-membered heterocyclic ring together 
with the intervening atoms of the molecule; 
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- 3 - 

denotes hydrogen or hydroxy; 
r7 denotes hydrogen or methyl; 



one of and R^ denotes hydrogen, hydroxy, alkoxy, 
alkanoyloxy, amino, substituted euaino, or a group of 
the formula 

r12 

-S02-0-, and the other of and 
denotes hydrogen, or 

rQ and R^ together denote an oxo group, an oxime group, 
or a substituted oxime group; and 

Ri2 denotes an organic group; 

which comprises reacting a compound of the general 
formula VII: 



CH3 




wherein 



R^, r5, R^, R® and R^ are defined as above, and 
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R^® denotes an oxo group, an oxime group, or a 
substituted oxime group. 



in which compound of the general formula VII any 
reactive group (other than the ll~hydroxy group) may 
optionally be protected, 

with an alkylating agent of the general formula VIII: 

Q-CH-X VIII 

ic 

in which 

Q and rC are as defined above, and 
X denotes a leaving group; 

to give a compound of the general formula I in which 
and r2 together denote an oxo group or a substituted 
oxime group; 

and thereafter, if necessary or desired, carrying out 
one or more of the following steps in any suitable 
order; 

(a) converting a substitutent on the erythromycin 
structure to another such substituent in a 
conventional manner; 

(b) removing any protecting groups; and 

(c) forming a pharmaceutically acceptable ester 
or acid addition salt. 
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2. A process as claimed in claim 1, wherein 
denotes a group of one of the following formulae 

RA-0-CH2- 

RB-CO-NH-CH2- 

RB-CO-N-CH2- 

I 

RE 

OC-N-CH2- 

\1 

rf 

in which 

R^ and R^ are defined as in claim 1, 

R^ denotes an unsubstituted or substituted 
hydrocarbon group, and 

rF denotes an unsubstituted or substituted, divalent, 

hydrocarbon group completing a 4- to 7-membered ring. 

3. A process as claimed in claim 1 or claim 2, 
wherein R^ denotes a 2-substituted-ethyl or 
3-substituted propyl group. 

4. A process as claimed in claim 3, \^erein R^ 
denotes a 2-substituted-ethyl or 3-substituted-propyl 
group, in which the substituent is selected from amino, 
N-alkyl amino, N,N-dialkyl amino, halogen, hydroxy, 

a Iko xy , benzoy lo xy , a Ikanes ulphony loxy , t r is i ly loxy , 
alkoxycarbonyl, alkanoyloxy, phenoxy, and heterocyclyl 
groups . 
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5. A process as claimed in any one of claims 1 to 4, 
wherein and together denote a group of the 
formula IV: 

=N-0-Ri3 IV 

in which Ri3 denotes hydrogen or an unsubstituted or 
substituted hydrocarbon group or an acyl group. 

6. A process as claimed in claim 5, wherein R^^ 
denotes a hydrogen atom or a methyl group. 

7. A process as claimed in any one of claims 1 to 6, 
wherein r4 denotes a hydroxy group. 

8. A process as claimed in any one of claims 1 to 7, 
wherein R^ denotes a hydroxy group. 

9. A process as claimed in any one of claims 1 to 8, 
wherein R^ denotes a methyl group. 



J 10. A process as claimed in any one of claims 1 to 9, 

\ wherein R^ denotes a hydrogen atom and R^ denotes a 

i hydroxy group. 

> 

' 11. A process as claimed in claim 1, for the 

3 preparation of a compound of the general formula I 

) as specifically named in any one of Examples 1 to 64 

) herein. 

I 12, A process as claimed in claim 13 , wherein, 

5 subsequent to the reaction of the compound of the 

i general formula VII with the alkylating agent of the 
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general formula VIII, one or more of the following 
steps is carried out in any suitable order: 



(a) converting an oxo group denoted by Ri and 
together to an oxime group or a substituted oxime 
group; 

(b) converting a substituted oxime group denoted 
by r1 and R^ together to an oxo group (or the 
corresponding tautoraer), another substituted oxime 
group, or an oxime group; 

(c) converting a resulting oxime group denoted by 
r1 and r2 together to an oxo group (or the 
corresponding tautomer) , a substituted oxime group 
or an imino group (or the corresponding tautomer); 

(d) converting a resulting imino group denoted by 
R-^ and R^ together to an amino group denoted by R^ 
or r2; 

(e) converting a resulting amino group denoted by 
r1 or r2 to a substituted amino group; 

(f) converting any one or more of the groups 
denoted by r3, r5, r8 and R^ to another such 
group; 

(g) removing any protecting group that may be 
present ; and 

(h) forming a pharraaceutically acceptable ester 
or acid addition salt. 

13. A process as claimed in claim 12, wherein R^ 
contains an azido or halogen substituent and, wherein 
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in step (f), such substituent is converted into or 
replaced by an amino or substituted amino substituent* 

14« A process for the preparation of a pharmaceutical 
composition which comprises bringing a compound of the 
general formula I into admixture or conjunction with a 
pharmaceutically acceptable carrier or excipient. 
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26th August, 1986. 

European Patent Office, 
Branch at the Hague, 
Postbus 5818, 
Patentlaan 2, 
2280 HV RIJSWIJK (ZH), 
Netherlands . 



Dear Sirs, 

re: European Patent Application No • 86301685.3*^ 
Beechatg Group pic 

I refer to my letter of 13th August, 1986 requesting certain 
corrections- I now request that that earlier letter be 
ignored as the corrections were incorrectly specified. 

I now request the following corrections to the specification: 

Example 2a), page 42, line 22 

change " 1-benzoy loxy-2-ch loromethoxye thy lene" 

and 

Example 8a), page 48, line 13 

change " l-benzyloxy-2-chloromethoxye thy lene" 

in both cases to: 

"2-ben2oyloxyethoxymethyl chloride" - 
Yours faithfully. 
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enclosed herewith. 
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